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ABSTRACT 


The purpose of this study was to evaluate the effec- 
tiveness of a set of teacher-prepared programed instruc- 
tional materials for basic electrical theory when used as 
an integral part of the instruction in a vocational high 
school course in electricity. 

The programed material evaluated in this study was 
prepared by this investigator because commercially avail- 
able programs did not seem suitable. The material consisted 
of twenty-two programed instructional units in electricity 
which were intended to replace the conventional lecture- 
discussion method traditionally used in teaching basic 
electrical theory. Each programed instructional unit was 
followed by a subtest. The subtests were included as part 
of the programed material to be evaluated. The programed 
material was designed to be used in conjunction with other 
student activities such as laboratory experiments, problem 
assignments, etc. In this study the experimental group used 
the programed material together with such other activities. 

The study was carried out with students enrolled in 
the Electricity 12 course in a number of Alberta composite 
high schools. 

The evaluation of the effectiveness of the programed 
material was done by measuring the achievement that could 
be directly attributed to the programed material and by 


comparing the achievement and retention of the experimental 


won 7 
‘ ; ; ; A 
oe nw r fi a — o ny - if 


soeNts only stnuiave 02 cow youte ats te eeoqtis ont 
*aisjuns bomsiperty boxteieiq=s01t5699 ie ae 
a bow nedw yspest Issixtonte heed 1 Ahstsesem . 
_ Aeta Dieotn ows Ami sorscvavent aio to Fieq Lexpes 
Vtisintoels mt oaaop t¢ 


caw ybute ait ab bedeulsys felesten Doomgponq eet | 

“50 (Es bio 2dmmou sauBoSad 1Othpisesves eins yd nosegey 
bevelensS Ipiszeren off  .sideiive msea gon bb amstporg elds 

¥tsors2zale ai etdtur (dee rayiottens bermerpet, ows-ytaowd 70. : 


i “eos! Ianciauswng> edi soriqes ot Sshitega!l e1sw Hoicw 
. ‘ofesd prisoes3 ai beep Yilsiolitibsat Sedjsan aoidewoeib 
onw dinw isnoisourseqi baméapesq dosad .ytosd? L[nolssoele 


Te 
— | 
» eel eA babotont ovew gizchive otf .tustdve gs yd bewoliol® 


ee bomsspoxq eit .fotavievs ed of [clwessn homszpetg edd Yo 


,eiienlieonss yaoterwidel es tous caisivisos trebuse 


oxy: twdaemisegee ait) Yiide ait nt .Ods ,2joonncteas 
£238 isdtg dade i.w tetepos Lsitotem temexpomg off 
) Lous Sinebute jitiw sve Beinzibo ssw ybots off | 

soc od stxecdiA To isdmwn & @t eaaido Si Ytivixztosia eazy 
-afoodoa dpi 
iq ait to seeitevisostis gid 20 nolisuleve arit 

ia Inemeveidos ang pituaenam vd enob areal sain cc n+ 
tert0 96 bocezvo%g ot 98 bovduiltat36 titans a | 
K9 ol? 10 folsnete2 bas tasmevelice edd prance 


iv 
group with that of a control group. In addition, the 
achievement and retention was specifically measured in the 
cognitive classifications of knowledge, comprehension, and 
application. The study also measured time and attitude. 

The learning achievement that could be directly 
attributed to the programed material was evaluated in terms 
of the results of the twenty-two subtests which were written 
by each of the subjects in the experimental group immedi- 
ately after completion of each programed unit. Since no 
comparative evaluation was possible, an absolute standard 
of 75/75 was arbitrarily selected. This standard required 
that 75% of the subjects completed 75% of the items on 
each subtest correctly. Six of the twenty-two subtests 
did not reach this standard, but for the total of all 
subtest items 92% of all subjects reached a score of 75% 
or better. 

The statistical comparison indicated that the 
achievement as well as the retention of the experimental 
group was significantly higher than the achievement and 
retention of the control group. This higher achievement 
and retention was observed in each of the cognitive 
classifications of knowledge, comprehension, and applica- 
tion. In addition, the experimental group spent signifi- 
cantly less time in completing the programed material than 
the control group spent in conventional lecture-discussion 


presentation of electrical theory. The statistical analysis 
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further indicated that the experimental group had a signi- 
ficantly more positive attitude toward programed instruc- 


tion than an unbiased population would have. 
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CHAPTER, 1 
THE PROBLEM 


iIneroduction 

Programed instruction can have several advantages 
when the right program is properly used. Such advantages 
include individualization of instruction and freeing the 
teacher from the more routine tasks of instruction, thus 
allowing more personal student contact. However, if a poor 
program is used, or if a good program is used in the wrong 
Situation, these advantages may be offset by lower learning 
achievement, less retention, less transfer of learning, 
more student time required, and a negative student attitude 
toward this typeof instruction. 

How does a teacher know whether a set of programed 
ee rucerons is suitable for his purpose and effective in 
reaching the objectives that he has set for his class? 

He must first find a program whose learning objectives 
coincide with the learning objectives that were selected 
for his class. These objectives include the subject matter 
to be covered, the depth to which the various subject 
matter concepts are to be learned, the emphasis that is 
placed on attainment of facts, on understanding of concepts, 
Or on transfer of learning. The program must be suitable 
LOrpapract ical adoption. in) the class we lisa) programsthat 
meets all these demands can not be found, the teacher may 


consider preparing his own program for the course. Whether 
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the teacher uses a program prepared by others or his own 
program, he must obtain evidence that the program is at 
least as effective as the usual method of instruction. 
Only then can he make an objective decision whether to 
usevithisnprogramvor- not 

The programed instructional material evaluated in 
this study was developed by this investigator after it 
was found that commercially available programs for basic 
electrical theory were not suitable in one or more of the. 
aspects mentioned in the preceding paragraph. 

The programed material was basically of the linear 
type. The development extended over a period of five 
years and included developmental testing and resulting 
revisions. The content was basic direct current theory as 
Linas typicallyicaught in Gmtroductory#courses ineelectri-— 
city. The content coincided with that outlined in the 
currleulim gquadé fortthe Electricity 12 -course tor voca- 
tLonalAhagh@schools in®Alberta’ (Depe: of Edt) 1969)." The 
subtests that follow each programed instructional unit 
were considered part of the programed instructional material 
for the purpose of this study. 

The programed material was not intended to teach 
complete mastery of each concept of each student. The in- 
vestigator's previous experience indicated that such an 
attempt would overtax the motivation of most students 


enrolled in this course. This contention is shared by 
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several other researchers (See Review of the Literature, 
p. 23). The programed material was intended to replace the 
conventional lecture-discussion presentation, which by its 
very nature demands that students must progress in a lock- 
step manner through the ‘learning of these) concepts. 

The programed instructional material consisted of 
twenty-two units. Each unit covered one, or a small 
number of related, concepts of basic electrical theory. 
Each unit was designed to take about one hour for the aver- 
age student to work through. Each programed unit was 
followed by a subtest which was completed by each indiv- 
idual student as soon as he was finished with the preceding 
programed unit. Each individual student then went on with 
experiments, text book references, and problem assignments 
that related directly to the topic covered in the pre- 
ceding programed unit. Some demonstrations were shown to 
the whole class or to a smaller group of students when 
they had completed the concept to be demonstrated in their 
Pnidi vidia Piworkeeiindividual Sassistance wwasgiven as ane— 


quired. 


Problem Statement 

The purpose of this study was to evaluate the 
effectiveness of a specific, teacher-prepared, set of 
programed instructional materials for basic electrical 
theory when it was used as part of the instruction ina 


vocational high school course in electricity. 
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Specific Questions to be Tested 

1. How well do the individual units of programed 
instructional material achieve the learning objectives 
for which they were intended? 

2. How do students who use the programed instruc- 
tional material as part of their total classroom instruc- 
tion compare with students in conventional classes in 
achievement on a posttest in basic electrical theory? 

3. How well do the students who use the programed 
instructional material retain the learning achievement? 

4. How do students who use the programed instruc- 
tional material as part of their total classroom instruc- 
tion compare with students in conventional classes in 


achievement and retention of 


(a) knowledge of basic electrical theory? 
(b) comprehension of basic electrical theory? 
(oc) Tapplication of basic electrical “theory? 


where the terms knowledge, comprehension, and application 


~ 


were used as classifications of the cognitive domain as 


defined in the Taxonomy of Educational Objectives (Bloom, 
Ui eRS Ley be 

5. How does the average time spent by individual 
students on the programed material compare with the time 
spent by students in conventional classroom presentation 
covering the same course content? 


6 What Ls the students” decrtcugde towara the 


Syieoly Levissssks oived ni. tesitacg ste smemevekdos . 
 Bandtposy eds eeu wiv ednsbuse oi ob Liaw we 6D eg 
Conbueeettion pabaipal 44 dieses cal tetdee Lenaktouseand 2 
~quasenl buaayposy oft ~esl olw etnobese ob WOH) She -, : 
 *outgenb «mograas ls, Lagos ub ati-t 20 t2bqu Re iain ‘Ennotd 7 
ni posasin: lanoicnovnen si errsbydge. taew Samp Odd T 
id cuoberen tate Bae snamevebd.. | 
Syuests Levingoolie stiesdiio spbhbplwgnd. ire] 
{eueeds Iagiatdosie ohegd- to actensisiqaos (ty i 
Syaneyls; Loctasools died 16 Aoidestlqan fo} = ’ 
moiteshiqges oe, .totacaiasquey, phelwont-smies t3, ezedy, 
S8 siawb evadingss sift 20 enoiienitisepha ss ean omaw 


‘ 


programed material? 


Hypotheses 

The above questions were restated in hypothesis 
form. Question 4 is tested by six hypotheses; each of 
these relates, to only one ot the three classifications, 
knowledge, comprehension, and application, in either the 
posttest or the retention test. 

Hypothesis 1. 75% O©F more of the students in the 
experimental group will answer 75% or more of the items in 
each subtest correctly when each subtest is taken immedi- 
ately after the preceding programed unit is completed. 

Hypothesis 2. There is no event veane. difference 
between the mean posttest scores of the experimental and 
the control. group - with the effects of previous knowledge 
in mathematics factored out - when the programed instruc- 
tional material is used as an integral part of the instruc- 
GlonerOre che, experimental group. 

Hypothesis 3. There is no Signaticant difference 
between the mean retention test scores of the experimental 
and the control group - with the effects of previous know- 
ledge in mathematics factored out - when the programed 
instructional material is used as an integral part of the 


instruction for the experimental group. 


* 
The level of significance is 0.05 for all hypotheses. 
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Hypothesis 4. There is no Significant difference 
between the mean scores of the two groups for that part of 
the posttest that is classified as knowledge. | 

Hypothesis 5. There is no significant difference 
between the mean scores of the two groups for that part of 
the posttest that is classified as comprehension. 

Hypothesis 6. There is no significant difference 
between the mean scores of the two groups for that part of 
the posttest that is classified as application. 

Hypothesis 7. There is no significant difference 
between the mean scores of the two groups for that part of 
the retention test that is classified as knowledge. 

Hypothesis 8. There is no significant difference 
between the mean scores of the two groups for that part of 
the retention test that is classified as comprehension. 

Hypothesis 9. There is no Significant difference 
between the mean scores of the two groups for that part of 
the retention es that is classified as application. 

Hypothesis 10. There is no Significant difference 
between the means of the two groups for the time spent by 
students in learning the basic electrical theory either by 
programed instruction or by conventional classroom presen- 
Catone 


Hypothesis 11. The attitude toward the programed 


* 
The means used in hypotheses 4 to 9 have the effect 


of previous knowledge in mathematics removed. 
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material of the students learning electrical theory by 
programed instruction is not significantly different from 
the attitude of a hypothetical population of unbiased 


subjects. 


Need) For the study 

There are several advantages that programed instruc- 
tion can offer. The most important of these advantages 
is that programed instruction can make individual student 
progress possible, iis eloeeate1eu loamy (desi habd Clin id 
vocational-technical course in electricity, because 
ability and motivation of students entering such a course 
vary over a wide range. There may also be considerable 
difference in previous knowledge of electrical theory that 
individual students may have as a result of earlier indus- 
trial arts courses or from personal interests or hobbies. 
Programed instruction could therefore be used to make it 
possible for students to progress at their own rate. Dif- 
ferent students will learn better with different teaching 
methods, and some students may learn more effectively with 
programed instruction. On the other hand there may be 
students in a’ group that learn less effectively with pro- 
gramed instruction. However, since programed instruction 
frees the teacher from some of the routine teaching tasks, 
he may be able to give such students some individual assist- 
ance. Nevertheless, the mean effectiveness for the total 


group must not be less than that of conventional instruction. 
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Even when the advantages of programed instruction 
are accepted sitpiskusualilvedifiicult toetindsea program 
that is suitable both in terms of learning objectives and 
in terms of the ability and motivation of the students. 
When a new program is developed in answer to a specific 
demand, its effectiveness must be determined in a situa- 
tion that resembles its intended use as closely as pos- 
Sible before its use is continued by the person who nas 
developed the program or by others. Such evaluation 
should be carried out in accordance with the recommenda- 


ELOnSetlataatemaVvallablestornsuchastuazes, 


Limitations 

1. The study was limited to students enrolled in 
the vocational electricity courses in a number of Alberta 
composite high schools. The experimental group was con- 
fined to one ace! This limitation arose because the 
experimental group had to receive its instruction under 
Controlled conditions that were best assured by confining 
this group to one school. The control group was randomly 
selected from the Electricity 12 classes of six different 
schools. No random assignment or random selection was 
possible for the experimental group due to the limited 
number of students enrolling in the Electricity 12 course. 
To compensate for this limitation in the experimental 
design, the statistical control of an analysis of covariance 


Was used. The covariate used was the students’ mark in 
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grade nine mathematics. 

22 Ethe prétestempostrtest, sanderetentionstest 
instruments were paper-and-pencil type multiple choice 
tests. Results of such tests are to some extent influenced 
by the subjects' verbal ability. 

3. The time spent by the control group in conven- 
tional classroom presentation was determined from informa- 
tion obtained from the six teachers teaching the control 
group subjects. It was difficult for these teachers to 
measure’ the exact) time spent in teaching the content» that 
corresponded to the content of the programed instructional 
material. 

4, Student attitude was measured by a questionnaire. 
A questionnaire may not produce an accurate measurement of 
the students' attitude, Particularly since i2t was not 
possible.to obtain a real control group for the measure- 
mene, 

5. The retention measure was influenced by the 
fact that both groups used some of the learning objectives 
that were under investigation in their continued study of 


electricity. 


Assumptions 
1. It was assumed that the teachers teaching the 
control group cover essentially the basic concepts of elec- 


trical theory that were outlined for the Electricity 12 
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course 910 sthe *Curniculumvouidecm-«Electricity 12, 22, 32 
(Dept. of Ed., 1969), and that these concepts were not 
Significantly different from the concepts used as learning 
objectives for the programed instructional material. Teach- 
ers who reported significant deviations from this content 
for their classes were not included in this study. 

2. It was assumed that the teacher variable could 
be neglected. For the experimental group the teacher 
did not actively enter into the presentation of the 
material. The control group subjects were randomly sel- 


ected sErom classes taught by six different teachers. 


Definition of Terms 

Effectiveness of a teaching method was evaluated by 
measuring the achievement after the instruction; by 

- 

measuring the retention of the achievement; by measuring 
achievement in the cognitive classifications of knowledge, 
comprehension, and application; by measuring the time 
spent in reaching the learning objectives; and by measuring 
the students' attitudes toward the teaching method. (More 
discussion on the term effectiveness can be found in the 
Review of the Literature.) 

Conventional Classroom Presentation for electrical 
theory is the teaching method where concepts are presented 
by the teacher in either an explanatory or exploratory 


Manner involving the students in active participation and 
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CHAPTER: 2 
REVIEW OF THE LITERATURE 


The related literature was surveyed to determine 
what recommendations were made and what approaches were 
taken in evaluating the effectiveness of programed instruc- 
tion. Particular attention was given to statements made 
about the necessity of validating programed instruction, 
about the term "effectiveness", and about different methods 
and designs for validation studies. A summary of other 


studies was included in this chapter. 


IneroducaLon 

While a "teaching machine" was introduced by Pressey 
iy the T9270 "sleet was not *untiivoherend. of the+l950's “that 
teaching machines and programed learning gained wide- 
spread attention among educators. This increased interest 
is reflected in a wealth of studies, observations, and 
comments about this teaching technique. This early litera- 
ture was primarily concerned with more basic observations 
and =théortes, “suchas =the difference between thel"Pressey" 
type multiple choice program, the "Skinnerian" linear, con- 
structed response program, and the "Crowder" branched pro- 
gram. Of course many studies concerned themselves with a 
comparison of effectiveness between programed learning and 


conventional classroom instruction. Unfortunately, these 
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studies were often interpreted in a very generalized 

manner, and, this)resulted in conflicting reports about 

the effectiveness of programed instruction. By the early 
sixties, the studies became more specific. It is evident 
that researchers realized that it is not "programed instruc- 
tion" that is more or less effective, but that the individ- 
ual program and the way it is used make the difference in 


effectiveness. 


Need for Evaluation 

Lumsdaine (1965) points out that evaluation of one 
program is not an evaluation of the method or vice versa. 
Each program must be evaluated on its own merits. Markle 
(1967) also says that programs are not guaranteed to work, 
just because they are called programs. In addition she 
points out that scientific investigation and experimenta- 
tion is the only way to determine the factors necessary 
to make effective programs. The Joint Committee on 
Programed Instruction and Teaching Machines (1965) assumes 
that the program producer must be interested in the effec- 
tiveness of his program, but at the same time reporting 
the effectiveness of a program is of assistance primarily 
to the potential user. Green (1967) states that only the 
individual user can determine the effectiveness of a pro- 
gram in his situation in an unambiguous manner, but Green 


admits that such an evaluation is much too time consuming 
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14 
to be carried out by the individual teacher who intends to 
use a- program. The teacher must therefore rely on re- 
ported evaluations. Authorities generally agree that 
Simple inspection of a program is not a reliable method 
of determining effectiveness (Glaser, 1963; Lumsdaine, 
P65; Markle, 1967). Minwamstudy by Rothkopele (1963) twelve 
high school teachers and principals rated seven versions 
of a program to predict effectiveness. Their predictions 
correlated negatively (-0.75) with actual effectiveness. 
The summary of studies reviewed by this investigator 
(Table 1) indicates different effectiveness for different 
programs, and this again emphasizes the need for evalua- 
tion of each program. 

While authorities generally agree that each program 
must be evaluated in an empirical study to determine its 
effectiveness, there seems to be a lack of evidence that 
this is done for all commercially available programs. 
Markel (1967) investigated 291 published programs and 
found that for 40% of these there was no evidence of test- 
ing available. This investigator tried to obtain further 
information on six programs on basic electricity, that were 
listed in Hendershot (1969), and was able to obtain only 
three positive replies from publishers. None of the in- 
formation given by these publishers regarding validity 
testing seemed to conform to the "Recommendations for 


Reporting the Effectiveness of Programed Instructional 
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Materials" (Joint Committee on Programed Instruction and 


Teaching Machines, 1965). 


What is "Effectiveness" 

Almost all studies that evaluate or compare the 
educational value of programed instruction or similar 
teaching methods use the term "effectiveness". However, 
this term is defined in many different ways, sometimes in 
a formal statement, sometimes by implication, and some- 
times not at all. lLumsdaine (1965) says that 

"Effectiveness" refers to how well the program does, 

in fact attain certain prospective outcomes, how well 
it teaches whatever it was calculated to teach (rather 
than what ate may eteach)., on, in, other words: the, extent 
to which content is learned, or the extent to which 
stated objectives are attained by students who use the 
program inea- particular way. (p. 274). 

The Joint Committee on Programed Learning and 
Teaching Machines in its "Recommendations for Reporting the 
Effectiveness of Programed Instructional Materials (1965)" 
suggests that a formal study should provide behavioral in- 
dices of what the student can do after going through a 
program, but that it should also include measures of re- 
LeneLom, tratister,. of skills, attitude, ana. tame Spent, in 
instruction. A measured gain of achievement is part of 
all explicit or implicit definitions of effectiveness, how- 
ever, some authors point out that such measures of gain 


must be accompanied by a statement of objectives for the 


program, and that the measurement must show how far these 
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16 
objectives have been reached (Deterline, 1967; Green, 
1967; Knezevich, 1970). Other researchers have put the 
main emphasis on retention of such achievements (Ellis, 
1964; Opdycke, 1964), or on understanding, transfer, and 
application (Balson, 1969; Deterline, 1967; Silverman, 
1967; aWing».t967)e2eStudent attitudesis] anothersimportant 
factor. peAestudya bye Bllise(1964) ,andicatespthat student 
attitude correlates with the amount of learning that takes 
place. While a correlation does not determine a cause and 
effect relationship, several authors agree that a positive 
attitude of students toward a teaching method will promote 
present and future learning (Hughes, 1963; Lumsdaine, 
1965; -Opdycke, -1964).. 

Time spent to reach a certain achievement level is 
another important factor in the definition of effective- 
ness - even though Lumsdaine (1965) suggests the term 
efficiency for such measures. Deterline (1969/70) reports 
a very direct use of the time factor in "Performance Con- 
tLaching weblhewlexarGanayProjecemas Insects epro ;echlascom= 
mercial company was paid in accordance with the time it 
took to increase each student's reading ability by one 
grade level. For 80 hours of student time the payment 
was $80.-. If the study time was reduced to 60 hours, 
the payment increased to $110.-, while for 105 hours it 
dropped to $60.-. If a student took longer than 105 


hours -- the time it took under previous instructional 
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17 
methods -- no payment was received. The contracting 
company used primarily programed material to obtain this 
goal. This project provides an example of the importance 
that some educators attach to the time factor. Deterline 
predicts that the future will bring more demand for this 
type of "accountability" or "educational performance". 

Cost is another factor that should be considered, 
but none of the authorities make the demand that cost 
must be directly reported, assuming that cost can be cal- 
culated when time and cost of materials and possible 
machinery is known. Knezevich (1970) and Kopfstein (1968) 
compare costs of computer administered instruction (CAI) 
with the cost of programed instruction and the cost of 
conventional instruction. Both conclude that at the pre- 
sent time CAI is too costly for general use, but they also 
observe that the cost of CAI is decreasing, while the cost 
of conventional instruction is increasing. 

Lumsdaine (1965) and Zachert (1964) add one more 
factor that may not belong directly with the term effective- 
ness, but that should, nevertheless, be considered when 
evaluating a program. They use words such’ as practicality, 
feasibility, or suitability. Both authors also emphasize 
that the evaluation of a teaching method must consider all 


the various factors together. 


When time is used together with achievement in the 


determination of effectiveness, another problem arises. 
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When one method produces 50% better achievement, but also 
uses 50% more time than another method, we may not be able 
to tell which method is more effective. Lumsdaine writes 
about this dilemma: 

Of course it is possible to simply report two sep- 
arate sets of facts. This is about the best possible 
solution at present; it is not a very good long range 
solution, because it leads to no decisive basis for 
preferring one program over another when one program 
scores better in terms of achievement, but the alter- 
nate program scores better in terms of time. Gain in 
achievement level has sometimes been expressed as an 
"efficiency" ratio of gain divided by time. Objections 
to this procedure stem from such considerations as non- 
linearity of achievement-gain scales. These consider- 
ations, however, do not controvert the need to take 
time into account in some fashion (p. 309). 

After tfurther discussion Lumsdaine concludes that 

"for the present time no single achievement-time index 
seems to be defensible as a single figure of merit for a 
progEdmis. instructional leiiicrency (py 310)" 

Jacobs (1966) and Kopfstein (1968) suggest that 
effectiveness should be expressed as a ratio of achieve- 
ment over time. Hughes (1963) and Silverman (1967) seem 
to agree with Lumsdaine in their recommendation to report 
both achievement and time as separate items. The recom- 
mendations of the Joint Committee on Programed Learning 
and Teaching Machines (1965) leave it up to the individual 
investigator to use the one method or the other. 

Of the thirty-five studies summarized in Table l, 


none use an achievement-time ratio to report effectiveness; 


three hold time constant and report differences in achievement; 
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19 
One reports time needed to reach a predetermined achieve- 
ment; eleven report achievement and time as separate 
measurements -- however, only in one of these eleven studies 
does lower achievement coincide with less time, thus 
leaving it up to the reader to determine the relative impor- 
tance of each factor. Twenty studies report no direct 
comparison of time. In most of these studies it can be 
assumed that the experimental design did not make provisions 
fonimeasusing .vanplations of geimesy, onethat time was ,not .«con- 
sidered»torcbessignificantly different. 

Summarizing the various factors that should be in- 
cluded in a report of the efficiency of a teaching method 
andsin particular eofsprognmamed instructions, )it "is “evident 
that different authorities and investigators will place 
dififerentsemphasis onedifferent factors, but a report,that 
would include the following measures would likely satisfy 
most of the demands made in the literature: (1) achieve- 
ment of stated objectives, (2) retention of achievement 
gains, (3) transfer and understanding, (4) time required 
for instruction, (5) attitude of the students toward the 
instructional method. Given an evaluation of the above 
factors would also assist a potential user of the program 
in determining the practicality or suitability and the 


expected cost of using the program. 
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Absolute Standards vs. Comparison 

While there is little dispute in the literature 
about the major factors that constitute effectiveness, 
there seems to be some controversy about how to evaluate it. 
Most authors accept the comparative study as the best 
method of evaluation, but some authorities seem to be in 
favor of an absolute standard of expected achievement. 
Gagne, in a discussion about this matter (reported by 
Hughes, 1963), says that from the results of a comparative 
study "we cannot really say a program is better than B 
lecture, because, of course, that depends on how good the 
lectures were (p. 42)." Morse, in the same discussion 
points out that. “classroom. instructional, method", "standard 
lecture", "conventional class", “lecture method", and 
"normal way of instructing" are often not very standard. 
Green (1967) would prefer a set of specifications of what 
the program does over a statistical statement of compari- 
son with an "unknown" standard. Bloom (1968) is more con- 
cerned with the amount of "mastery" that the individual 
student reaches, and he favors setting standards of mastery 
apart from comparisons with other students. Deterline 
(1967) accepts such standards as the 90/90 level that were 
used in another study (Robertson, 1963). (In a 90/90 
standard, 90% of the students must complete 90% of the 
items on a test correctly.) While the Texarcana Project 


reported by Deterline (1969-70) is not a research study, 
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but a practical project, the evaluation of effectiveness 

is done by a standardized test without the use of a compara- 
tive control group. It could, however, be argued that 

even absolute standards are usually influenced by experi- 
€nce with achievements of students at earlier times, and 
that they are at least to some extent comparative. 

There are several critics of the absolute standards 
for evaluation. Deese, in the before mentioned discussion 
(reported by Hughes, 1963), challenges Gagne's demand for 
absolute standards. Deese points out that, when we look 
for retention and transfer, we can hardly expect a perfect 
score. Glaser, in that same discussion, adds that we can 
easily set the standards so low that even a poorly pre- 
pared program reaches them, and we would not be forced to 
improve the training program. He suggests that, at least 
at the present time, we need the results of comparative 
studies. Opdycke (1964) observes that comparative studies 
are still viewed as the more convincing evidence. Jacobs 
(1966) also considers a control group as necessary. 
Flanagan (as reported by Lumsdaine, 1965) describes the 
use of absolute standards at the present time and with 
present measures of attainment as indefensible and even 
dangerous. Taber (1965) raises the question whether a test 
should have a mastery ceiling. Such a test can show that 
a program teaches to this level of mastery, but one could 


not find out how much more the student learned and how far 
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22 
he can transfer this knowledge to a more complex situation. 
Of the thirty-five studies summarized in Table l, thirty- 
three use comparison as evaluation, while only one reports 
the level of achievement on a given test by the experimental 


group without comparison. 


Experimental Design 

Effectiveness, whether measured by an absolute stan- 
dard or by comparison, must be evaluated in an experimental 
study. In order for the conclusions to be valid, the 
experimental design must limit the number of uncontrolled 
variables to a minimum. Taber, et al. (1965) gives some 
examples of evaluative designs with or without control 
groups. These examples reach from simple pretest-posttest 
procedures to the more complex sequence of pretest pro- 
gramed instruction, interim test, other instruction 
posttest... Detertine (1970) points out that, because pro- 
gramed instruction is a highly structured and easily con- 
trolled method of instruction, it has led to more wide- 
spread evaluation of teaching methods by student evalua- 
tion. Green (1967), on the other hand, says that the 
application of experimental control and the logic of test 
theory as applied to programed instruction is very difficult 
and inadequacies and confusion in this lead to inconclusive 
results. Gilbert (1960) is vigorously opposed to highly 
controlled and artificial experimental investigations, 


because they are only used to prove some preconceptions, 
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and the unlimited variety of human factors make it vir- 
tually impossible to provide the desired control in an 
experiment. Guba (1969) states that it is of limited 
practical value to use an evaluation paradigm that empha- 
sizes control when invited interference is needed. 

At first glance it may seem simple to control the 
administration of programed instruction adequately, parti- 
cularly when programed instruction is the only method 
used.for both groups or, at least, for the experimental 
group. Of the thirty-five studies summarized in Table l, 
twenty-eight use programed instruction exclusively for the 
experimental’ group, ,jhowever, the,seven studies that use 
programed instruction intergrated with other forms of 
instruction seem to indicate that such integration is 
more effective both in terms of achievement and in pro- 
ducing better student attitude. Hartley (1971) says that 
"Of twelve studies known to the author which have compared 
programed instruction alone with programed instruction 
‘integrated’ with the teacher, eleven have found this 
latter situation to produce, bettereresults (pe 215) 24 
Other investigators who have used programed instruction in 
experimental and practical applications also warn that 
exclusive use of programed instruction will reduce its 
effectiveness significantly both in terms of actual achieve- 
ment as well as in student motivation or attitude (Can. 


Teachers' Federation, 1965; Crist, 1969; Goldbeck, 1962; 
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Hughes7il962;yStavert .21067)Fe It seems) thatsetherexclu- 
Sive use of programed instruction to allow for maximum 
control is in itself a very strong undesirable influence. 
Deterline (1967) as well as Lindvall and Bolvin (1967) 
believe that the greatest advantage of programed instruc- 
Buenmd Suahes possibility for individualization of instruc— 
tion, and these authors ee out that this individualiza- 
tion of instruction makes experimental control very dif- 
cul Cs 

The Joint Committee on Programed Instruction and 
Teaching Machines (1965) recommends that the design used 
iniievalnatwon) should bemsimivlaxr! tos thessituationpof an- 
tended use of the program. At the same time it is re- 
commended that evaluation should be carried out under 
controlled conditions. These two recommendations may 
sometimes be difficult to reconcile. This dilemma is 
somewhat alleviated by the recommendation that the pro- 
gram producer should specify the intended conditions of 
usage in the program manual. Lindval and Bolvin (1967) 
believe that one of the problems in the use of programed 
instruction iS improper application, which would, of 
course, reduce effectiveness. However, in practical appli- 
cations it may not always be possible to use a program 
under the same "ideal" conditions that a controlled study 
can provide. The Canadian Teachers' Federation (1965) 


reports seventeen studies conducted by teachers using 
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commercially prepared programs in practical situations. 
The results seem to be unfavorable to the programs. Nine 
studies showed no significant difference, four showed the 
control group significantly higher, two showed the experi- 
mental group significantly higher, and two studies were 
inconclusive. 

One more study that deserves attention with regard 
to the experimental design is that reported by Hartley, 
Holt, and Swain (1970). The study was set up to determine 
the effect of pretest and interim tests on the posttest 
results. The outcome showed that the interim tests con- 
trabutede significantly tosthe effectiveness of; the: instruc— 
tion. The pretest did not have any significant effect 
when interim tests were used, but did have a signifi- 
cant effect when no interim tests were used. It should be 
observed, that.the total average time for the instruction 
was thirty-one minutes with the interim tests, and twenty- 


two minutes without. 


Recommendations by the Joint Committee on Programed 
Instruction 

One of the most useful pieces of literature in de- 
Signing a study on the effectivenss of programed instruc- 
ELOnal Mmaterialsisethe Recommendatlons for sReporting ithe 
Effectiveness of Programed Instructional Material which 
were prepared by the Joint Committee on Programed Instruc- 


ELoOnsandeleaching Machines (1966) wand wingparnticular the 
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Supplement II to these recommendations: Recommendations 
for the Preparation of Technical Reports (1966). MTnese 
recommendations summarize many of the points that were 
made by previous authors, and they are, in turn, considered 
as an accepted standard by authors that address themselves 
to the same topic in the following years. However, these 
recommendations are not a cookbook prescribing a rigid 
structure, rather they leave enough flexibility to make 
them useful in a wide variety of different situations. 

The recommendations include many items that can be 
considered standard for technical reports. In addition 
they discuss many items that are more specifically re- 
lated to testing the effectiveness of programed instruc- 
tional materials, such as measurement of the material's 
specific effect on achievement, retention, application of 
knowledge and skills, time, and motivation. 

The need for pre- and post-tests is emphasized and 
it is pointed out that, when other than standard tests 
are used, their content and objectives must be described. 
Care should be taken to assure that samples of items in 
the test are independent of samples in the program, and 
that the program does not merely coach the student ona 
particular sample of items. The recommendations make no 
specific demand for a control group, but a section on 


comparative studies is included. 
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tudies 
The studies reviewed and summarized in Table 1 are 
ealing with the effectiveness of programed instruc- 
However, in some studies the evaluation of effec- 
S is only a secondary objective. The studies vary 
in their experimental design. Some are relatively 


controlled) worchepoeare, CONaUCted under more prac — 


tical conditions; some of these latter ones lack the strict 


COnLroL 


usually required for research reports. 


[ne following abbrevtartons are wsed in Tabie “L; 


these abbreviations refer to the experimental group (the 


group u 


dicated 


Sing programed instruction) unless otherwise in- 


under  Yadditicnal Iintormation. . 


SH Signwiieantly higher») 
) .05 level or better 

SL Significantly lower ) 
NSD no significant difference 
NR not reported 
higher ) No statistical evaluation of the difference 

was reported, but the data indicate a large 
lower  ) difference that would likely be significant. 
integrated Programed instruction used together with 


other types of instruction. 


Some of the studies listed in Table 1 investigated 


additional concepts of programed instruction, such as the 


effectiveness in providing for individual instruction and 


in free 


ing the teacher from routine tasks. On the other 
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TABLE 1 


SUMMARY OF OTHER STUDIES 
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TABLE 1 (continued) 
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30 
hand, some problems are investigated that may interfere 
with the effectiveness of programed instruction. Some of 
these problems are, the difficulties in providing flexi- 
bility so that students can indeed proceed at their own 
rate of speed without being forced directly or indirectly 
to conform to some average or to some expectation. Bore- 
dom is another problem mentioned particularly when a long 
program is used as the only form of instruction. 

One general observation that could be made is that 
many of the studies that were reviewed reported only one 
Or two measurements. Usually posttest achievement and time 
were reported. Only a few studies reported the additional 
measures of transfer, retention, or motivation. 

One very thoroughly conducted evaluation of a pro- 
gram in basic electricity was reported independently by 
Bell Telephone Co. (1961), Holt (no date given), again by 
Hole (in Hughes, 1963), and by Woolman (1962). ©The pro= 
gram was prepared specifically for the Bell Telephone 
Company. Separate results were reported for learning of 
facts, learning of concepts, retention of facts, and re- 
tention of concepts. Mean and range were reported for the 
time used by the subjects in the experimental group, and 
this was compared with the time used by the control group. 
The results showed that learning of facts and learning of 
concepts were Significantly higher for the experimental 


group. This difference was retained as indicated by the 
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32 
retention test results. There was no significant dif- 
ference between the two groups in the time they spent in 


instruction. 


Summary and Discussion 

The review of the literature on measuring the effec- 
tiveness of programed instruction shows general agreement 
on some issues, but it leaves other problems unresolved. 
Most authors agree, that each program must be evaluated 
on its own merits, and that only empirical data derived 
from student performance should be considered as a basis 
for making judgements. It becomes evident that effective- 
ness is a multivariate concept and that no single index 
can satisfy the various demands made for effectiveness 
measures by different authorities and researchers. Some 
authors seem to emphasize retention and transfer over 
immediate achievement results; in some applcations time is 
more important than in others, and the importance of moti- 
vation and attitude is stressed to varying degrees. While 
the debate about comparative evaluation or absolute stand- 
ards seems unresolved, almost all studies use the compara- 
tive design. The need for maximum experimental control 
should be beyond question, however, there are several 
authors who believe that the results of rigidly controlled 
experiments bear little resemblance to actual applications 
andwarertherefore of little value to the practitioner. 9 One 
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32 
instruction". However, this term is not satisfactorily 
defined in a generally applicable way in the reviewed lit- 
erature. ~ This may beidue to; the fact that conventional 
instruction may vary over a wide range among different 
Situations. 

When the listing of the thirty-five studies in 
Table 1 is further summarized, it can be seen that in 
sixteen studies there was no signficiant difference in 
the immediate (posttest) achievement; in thirteen studies 
the experimental (programed instruction) group was signifi- 
cantly higher, and in only two studies was this group sig- 
nificantly lower in the immediate achievement when com- 
pared with a control group using conventional instruction. 
In the remaining studies there was no statistical compari- 
son for this measure. Ten studies reported lower time 
measures, and none reported significantly higher times used. 
For all other studies the time was either kept the same, or 


in many cases not reported. 
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CHAPTER 3 
EXPERIMENTAL DESIGN 


This chapter outlines the experimental design that 
was used in this study to evaluate the effectiveness of the 
programed instructional material. The design attempted to 
incorporate most of the recommendations made in the litera- 
ture and in particular those made by the Joint Committee 
on Programed Learning and Teaching Machines (1966). This 
chapter describes the population used in the study, the 
subjects in the experimental and in the control group, the 
outline of the instructional and evaluative procedures, 


and the test instruments. 


Student Population 

The subjects used in this study were students en- 
rolled in the Electricity 12 course in six Alberta composite 
Digh schools. The Hlectricity 2 .course is the first of 
tie Blectricity 12-22-32 series (of vocational high) school 
courses which lead to an apprenticeship or to a technology 
program in’ electricity. “The Electricity 22 ‘course is a 
vocational option in which students enrol voluntarily. At 
the time of this study the Electricity 12 course was 
offered in fifteen composite high schools in Alberta, how- 
ever, only six schools and seven instructors were included 


in this study. This limitation was necessary to achieve a 


E j ve 


© * ae tl 7 4 rus es 
Mt aa A ‘4 lind Sh na 


; * | 
sede vetesh Latnomissqus “sno St! rive oo 
ie au s2ane0 1308276) 972 Sigiulevse oO4 ougr2 eked 2 beau 


(eco rgou wenk anual 


‘y betermess= npieeh, ouT 299 6M 
-pyofii sil! tii Sham anol2einisn: = sa TO 10m etexeqtosa! q 


ery J 42 R0nOD 4 Jou al4 int seth PQ) ; piiseael tide bits | 


sid? L(eeel) BeAtiGsH fidesal hoe oRbittaed ‘enueane = 
at “bie Sid wh beeu nerdes. joq ans zedissvaeb wWIger 
_ _ 

i+ ,gpedy fob noe Sie ti boe Loosen waxy att ants ym tears 
- 

SiviySord Ssvidsdiave bine fosmid "SWS to enlisuc 


eigenrntent trod sa? tae 


totielege’ Saabass 
a =~, = a 
“7% 23nSDuUIA Siew ¥ ucts arid ms Vesv adv: f ime alt 


S iLeoqpynys Le soc A KFS stl 320 ofS ci ysiol£ rer) Sia arty ni bellow 


#6 3246) od ei soaves Si ysigoretog.e, oT -aloouse AB 


fovdise ait danolten$ny tc s9iter bfret-Sl ¥2.9i 72oele w 


qroloutvss ¢€ oF 16 gidesnigasayge AB os DARD doide ef 


~_ 


. 6 et servos Si yilotis0si9 snr a ala fiz me pot 


i: iplitedante 738 aie maes ey as nd sapiees Lene 3H 
fis 2 dt 0 ‘ot 
sional Aa a ae 


, 
SiuG0 = “3 rpiazost 


7” a mien a ytd « Jd) siete per pond al ber x 


aa _ : Sd - 


2 e tune elovad be 4 


34 
certain ‘amount of uniformity in terms of the material 
covered and the time span available for instruction. (See 
description of the control group.) 

The total number of subjects included in the study 
was ninety-nine. The chronological age ranged from fifteen 
torervghteens? All subjects *were male: 

The experimental group consisted of twenty-five 
students enrolled in the Electricity 12 course in Victoria 
Composite High School, Edmonton. The experimental group 
received its instruction in basic electrical theory through 
the programed material that is evaluated in this study. 

The supplementary instruction was completed by the stu- 
dents in the experimental group under the instruction of 
this investigator. 

The control group consisted of twenty-five students 
who were randomly selected from a total of seventy-four 
students which were enrolled in the Electricity 12 course 
in six different composite high schools in Alberta. The 
population for the random sample was limited to those 
Electricity 12 students who covered essentially the same 
electrical theory content as the experimental group. This 
was determined by the indication of the participating 
teachers that they followed the Curriculum Guide: Electri- 
Clove Jee e ye oe Wept. Of Ed. 71969) melhe pOoulatlon cor 
the random sample was further limited to those classes 


that covered the material over the time span of approximately 


-alpm stew esvotdue SER coc 

evil-ytasws 26 boszienco ety Secnenttsegye ait, Naw! a 

sitodol¥ wi wetvou SI ysioiasold ants ai betloxne eaosbese > 

quote Latuemizsaqes edT .votnomla - Loorse dpa atieogmed. 7 
(igooadd GuGerld Jovirtools ofesd nc nosoouaeeat avt hovissex 
ogiuee sia WE bedsuttvs =: seild Ledeetear bamiapeng! Ay 

~Je ete gd béystanos wav noltrouident yvisdisnsiqqua edt 

to miisbusdank oS sobov qo Indeombitsdna oid ab edaeb 7 
totepisesavnat eft 


_ 


7 


esnehute Svit~yinews Yo beteLenne quote Texsneo sar ee : 
qwot-ysaevee to lejod & moist betastes _ylmobiiet ote¥ orl. : 
Sexes St qitsizdesia <4? ob halicitie susw dobdw uinehute | _ 
$47 <ieizodIA ni alooroe dpi sateoqnmon gnsiI2ib xhe ad 7 
Saods. of bedinil, esaw sigase gabgea Sdd dot noi2oleaay 
“ginne $d9 YPintgnsees bovsvou odw adnsbute Sh vei ieaoae 
ein? .quoxp Intosmizeqxs of4 25 tresnoD yrosds er 
pnidagist reg eld to nod te dfn | ants yd bon tiredeh Pre 
se, t =e Sits “eee yeds sera - oe 


35 
five months (the same time span that the experimental 
group used), and to those classes whose teachers were in 
a Positron to partici patcewin ther study. 

In order to reduce any possible bias that might 
arise because the experimental group was limited to one 
school and to one instructor, and could not be randomly 
selected from a larger population, the analysis of covari- 
ance was used to test hypotheses 2 to 9. The students’ 
grade nine mathematics mark was used as a covariate. A 
pilot study had been used to confirm that the mathematics 
mark was the only grade nine mark that correlated signifi- 
cantly with the performance on the posttest. 

A pretest was included in the experimental design 
to determine whether there was any significant difference 
between the two groups in the knowledge of electrical 
theory that they had before the instruction started. The 
pretest was also used to determine whether there was a 
Significant correlation between the initial knowledge the 
Subjects had in electrical theory and their achievement 


in the posttest and the retention test. 


Instructional and Evaluative Procedures 

Pagure@) shows a schematic) outline of thejanstruc— 
tional and evaluative procedures for both the experimental 
Groupmandethencontrol group. 


The pretest was administered to both groups before 
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SCHEMATIC OUTLINE OF EXPERIMENT PROCEDURES 


Experimental Group 
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any instruction was started. 

Each student in the experimental group was given a 
detailed course outline check list that showed each item 
of work that the student had to complete. Each new topic 
in the course outline was usually introduced by a programed 
instructional unit. The programed units were available to 
the students in mimeographed form and became part of the 
student's notes when completed. Immediately after the pro- 
gramed instructional unit was completed by the individual 
student, he waS given the corresponding subtest. The sub- 
test was usually corrected as soon as the student handed 
it in. Any errors were discussed with each individual 
Student: at thatetame. The student then went on to*com- 
plete the related experimental work, textbook references, 
and problem assignments as listed in his course outline. 
When demonstrations were necessary, they were given when 
all, Ona smaller igqroup, of the students had completed the 
related work. (See Appendix A for samples of the p. i. 
materials.) 

Each student recorded his own starting and finishing 
time for each programed unit and reported it to the teacher. 
This time included the completion of the subtest. 

The posttest was given after all students had com- 
pleted the outline. The attitude questionnaire was given 
the day after the posttest. 


Thewcontrol group subj ects received their instruction 
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38 
in basic electrical theory as their teachers would nor- 
mabLlyvaeteachsit tinetheim Bhectricity 12 scourse.§ This ®in- 
struction generally included lecture-discussion presenta- 
tions, experimental work, problem assignments, textbook 
references, and demonstrations. The control group teachers 
were asked to keep a record of the time spent with the 
class in lecture-discussion presentations of the basic 
electrical theory as outlined in the posttest matrix. The 
posttest was administered by each teacher after the in- 
struction on basic electrical theory was completed. 

The retention test was given to both groups approxi- 


mately five months after the posttest had been administered. 


The Test Instruments 

The main criterion test (pre-post) and the retention 
test were multiple choice type. They were each constructed 
from a test matrix that determined the electrical concept 
as well as the learning objective for each item. Only the 
first three classifications of Bloom's Taxonomy of Educa- 
tional Objectives (1959) were used as learning objectives. 
Many of the test items were contributed by other teachers 
of Electricity 12 classes, and all items were subjected to 
the judgement of thirteen teachers who participated ina 
Pilot scudy tO Valudatre titese tests: 

The test validation pilot study involved 151 Elec- 


tricity 12 students and thirteen teachers on a province-wide 
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32 
basis. The test validation was done using an existing 
program, TEST04, of the University of Alberta's 360/67 
Computer System. This evaluation provided a reliability 
measure for each test, as well as an item analysis including 
indices for item reliability, discrimination, and difficulty. 
The reliability index for each test was based on the Kuder- 
Richardson 20 formula. Items with a low reliability in- 
dex were revised or replaced using other information given 
by the item analysis. The results of the TEST04 program 


are shown in Table 2 for both the posttest and the retention 


test. 
TABLE 2 
RESULTS OF TEST ANALYSES 
Measure Posttest Retention t. 

Number of students Wh isoak US 
Number of items 95 60 
Test mean: raw score Bl o0 37380 
Test mean: precent A 218 63.63% 
Standard deviation: raw score 3.20 SIA ets) 
Standardsdevlation: percent 1s GES 15.60% 
Variance: raw score 76.79 SOLW 5 
Reliabitaty:<.KR-20 0.8914 0.8641 
Mean: "knowledge" items ere oe 68.0% 
Mean: "comprehension" items 52.4% 55.2% 


Means" "application items 54.9% 64.1% 
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The retention test used items that were different 
from items in the posttest, however, the pretest consisted 
of a random sample of forty items taken from the ninety- 
five citems »in the posttest. «= Itvwas<«felt thatira: longer 
pretest of items that are largely unfamiliar to the stu- 
dents would only frustrate the students and would not pro- 
duce true ‘results. 

Each of the subtests was constructed based on the 
specific electrical concepts that were the teaching objec- 
tives for each unit of programed instruction. Individual 
subtests had from nine to fourteen items with a total of 
245 items for all twenty-two subtests. Of these 245 
items 185 came from an existing test library and most of 
these had a difficult level indication from previous 
applications. The average of the available difficulty 


levels was 0.64. 


The Questionnaire 

The objectives of the attitude questionnaire were 
determined with some assistance from a questionnaire and 
its results reported by Woolman (1962). The questionnaire 
was applied in a pilot study and some revisions were made. 
The questionnaire has one favorable and one unfavorable 
question for each attitude or motivational concept to be 
evaluated. The questions were arranged on a random basis. 


in evaluating the questionnaire the rating for the 
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4] 
unfavorable items was taken from one to five on a Likert 
scale, while the favorable items were counted from five to 
one. This method was intended to reduce any possible bias 
that could» resulta fe students) itend to agree more than: to 
disagree with any given question. (See Appendix B for the 
subtests, the test construction matrices, the pretest, the 


posttest, the retention test, and the questionnaire.) 


CHAPTER 4 
STATISTICAL ANALYSIS 


The purpose of the statistical analysis was to in- 
vestigate the data derived from the experiment in order to 
determine the effectiveness of the programed instructional 
material that was used by the experimental group. The data 
collected during the study were first subjected to a pre- 
liminary analysis to determine whether there was any Sig- 
nificant correlation between the subjects' previous know- 
ledge in mathematics and electricity and their achievement 
in the posttest and the retention test. The data were 
then further analysed to determine the validity of the 


eleven hypotheses stated in Chapter l. 


Preliminary Analysis 

The purpose of the preliminary analysis was to 
determine whether the subjects" grade nine mathematics 
mark and their previous knowledge in electrical theory (as 
measured by the pretest) correlated significantly with 
their performance in the posttest and in the retention 
test. The results of this preliminary analysis were used 
to determine which of these two factors would be included 
aS a covariate in the analysis of covariance procedures 
that were used to test hypotheses 2 to 9. 


Table 3 shows the correlation for the grade nine 
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mathematics mark and the pretest results with the post- 


test and the retention test results. 


The pretest results 


did not correlate signi#fidcantilyewith either the posttest 


or the retention test results, and were, therefore, not 


included as a covariate in the analyses of covariance. 


The grade nine mathematics marks however, correlated signi- 


ficantly with both tests and were used as the covariate 


in the analyses of covariance for hypotheses 2 to 9. 


TABLE 3 
CORRELATIONS FOR SUBJECTS' PREVIOUS 
MATHEMATICS AND ELECTRICITY WITH 


RETENTION TEST 


Post- 


ere Sign. 
Grade nine math mark is AES} Stile 
Pretest results - 3463 no 


KNOWLEDGE IN 


POST- AND 

Retention ae 
test hts 
SUS UD 
pe esa no 


The preliminary analysis also indicated that the 


two groups were not significantly different in terms of 


previous knowledge in mathematics and in electrical theory. 


The means for these two measures are shown in Table 4. 


7 a noo 2 
SE 
7 RENN: aA 
ato ‘He ssa 
dead tniiladigleaainanes adzen ec $3 snteitl 
sisissves of3 en Baan saeW bie aveed seh le 
4@ oo S$ eaegitoggd rot esnei=sves to easidliiee 


a 
© aear » Ae 

42 aodawote suriets ‘nrsauebe HOR CHOU TALAIIOD 
aia Velde PTL PELILAT TTI COPPA TAR ~ my 

. W287 wor haar” ' ae 


- 


By filid, besegsiiei veils aban tat yAsnimiieng vit 

7 SG Siees Hl sos2e2ith yitiauP tines ton oxow ~—al c 
Kinet deste at boo sos smneitaBe AA webatwond @ 
Spee RET nk prvcsta 550 Sei clai studt 302. 


am a 
er 7 
1 : 
een ae 


44 
TABLE 4 
COMPARISON OF GROUP MEANS IN GRADE NINE MATHEMATICS 


AND PRETEST 


ExXpy (Gr Contr. Gr. Sucre 
Grade nine math, 55.84 56.72 no 
Pretest ie3 eoke dbs | eh 2 no 


Hypothesis 1 Test 

Hypothesis 1 stated that 75% or more of the students 
in the experimental group will answer 75% or more of the 
items in each subtest correctly when each subtest is taken 
immediately after the preceding program unit is completed. 

The individual student marks for each subtest are 
shown in Table 5. Table 5 also shows the percentage of 
correct items for the total of all subtest items for each 
student, as well as the average for each subtest, and the 
percentage of students completing 75% or better for each 
subtest. 

In sixteen of the twenty-two subtests more than 75% 
of the students scored 75% or better of the subtest items 
correctly. In the other six subtests this standard was not 
reached. For the total of all subtest items 92% of the 
students reached a score of 75% or better. The mean for 


alIeSUubtests waseo2.5%, With a range from) /o% to 962. 


agnshuse sid to a76M to Pet sacs Sedsze 1 eiescsousm 
ait To S7om 39 vay qewens Lilw quate Led math tages aad ni 
neted wi aritdalsi ileus ndiiw yts>estes seugdue) done at amesi 
»hadalquoo ak dial maz907g Boihoutsg sad tovde yisssibemm 
ih Seated NaKe 20% exam Joehess hanbdvEned adr! PO 
bo spstisesey ona awole cols 2 sitet .2 ose? ab awed” 7 
Goes Yor seis Jeavsdue Iisa to igicz-ed) ta emsst - 
orig, ban yaeertdve soso to? our tdve oc2 a6 Llow es toebete 
yigas “202 Xesaed 16 44) vadvslqmed ajoshera to eyngnsomeg) 
42% meee eyo azensdue ows-yonowgiyily to apeteip al © TT ‘ 
“miss? Sussdie aie Yo tec/od 4 FET hevoos gunsbute odd ol 
son enw DuiBease cin? ctzoxdsa tie tee etd as SEER 
ee eee boise 


_ 
_ 
_ 


TABLE 5 


SUBTEST RESULTS 
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46 
Since hypothesis 1 refers the 75/75 standard to 


each individual subtest, this hypothesis must be rejected. 


Hypothesis 2 Test 

Hypothesis 2 stated that there is no significant 
difference between the mean posttest scores of the experi- 
mental and the control group -<- with the effects of pre- 
vious knowledge in mathematics factored out -- when the 
programed instructional material is used as an integral 
part of the instruction for the experimental group. 

This hypothesis was tested using a one-way analysis 
of covariance with the posttest results as the main criter- 
ion. The grade nine mathematics mark was used as the co- 
variate. An existing analysis of covariance program, 
ANCV10, of the University of Alberta's 360/67 Computer 
System was selected for this evaluation. 

The adjusted results (with the effects of the co- 
variate removed) of the analysis of covariance for the 


posttest scores are shown in Table 6. 


TABLE 6 


ADJUSTED ANALYSIS OF VARIANCE: POSTTEST 


Source Deis Mean Sq. Rdg ehe Level of Sidi. 


Grp. il 763.45 39.52 S90 4000 


Wth. 147 Ae We Salk 


= = . ae 
as besbaste ether. ort si4siey | etostidogyt som 


a 
. oe edad 
 bevoora: sd faum atzoensyoqyn cis’ ressdve teubi Mobi 
- — - 


lapte an at svar Yes bedere eheaisogye : 
a ‘ ae 
wiy Sc NeTIOSe Jeortseoy Noon ott mwsewien saneieT3 Lb 


=f150xX> 


: ‘ wy 
foutnoos Sty bas Ladaoem 


| 9 o> ~* 
aaeq %6 aoelite ors fitw -~ Guowp 4¢e4 


} _ 
eid tietiw -- 2U0 Beteseosi «nsiljem at spbetwoak ewok a 
1 Sshe He 8 Hoabeet ivgiielcm laaoleoe Tan!  bems2potq 
»*QUOAP NPISGMS 2ii TOs quLr ot Sane and io 18g 
elevleie Yeawreno fF posn sr2enitzogyd eet 


-yeasii3a Aisa Susy 26 4 Ves J2a0jJ"%20q Ps lai aonetsaves BO 


~96 219 Bea best .2bw ATEN 2ortcnegTen Sucd Sry Ly eu? 


, M3 TeO=G SHEL i« : 7 aAlLeYL6 ed +e id I3LxS 1A o- 
sedi) Sa\0G@Fb ze’ sttsciA to y igvevist) sis Jo 
uolbisulsve eidd wok Setoalece 


«np eff 326. agvedte orld isiw) etdnzoe becauphe of 


ait sek soiisitevon io ateyheas S14 Jo (bevones otehtsy 
> 
.4 fds? al ageda) eee coxooe testoeog 


9 AIBAT _ 
PAST207 :ADMATHAY 4, RT2YEAMA GUTZULGA 
- Ser a7 WSs 


> 7 
: | : _ 7 a _ 7 - 


a 
—— 


a .{h 


. yatph® oe leved 
ae 


vy, 
— o> 


47 
the; harationore this mnaliysiss of covariance andi- 
cated that the difference between the two group means for 
the posttest results was significant at a level smaller 
than 0.001.» 1 The: adjusted’ means’ for the posttest are 
shown in Table 7. These observations show that the post- 
test mean for the experimental group was significantly 


higher than that of ‘the Gontrol group. 


TABLE 7 


ADJUSTED MEANS: POSTTEST 


Raw Score Percent 
Experimental group 62.34 65.43% 
ConcEo le gGEoup 48.78 Seo 6 


Hypothesis 2, that there is no significant differ- 
ence between the two groups in the posttest results, must 


be rejected. 


Hypothesis 3 Test 

Hypothesis 3 stated that there is no significant 
difference between the mean retention test scores of the 
experimental group and the control group -- with the effects 
of previous knowledge in mathematics factored out -- when 
the programed instructional material is used as an integral 


part of the instruction for the experimental group. 
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This hypothesis was tested in the same way as 
hypothesis 2, except that the retention test scores were 
used as the main criterion. 
The adjusted results of the analysis of covariance 


for the retention test are shown in Table 8. 


TABLE 8 


ADJUSTED ANALYSIS OF VARIANCE: RETENTION TEST 


Source Sh ee Mean Sq. Adj. ,F Level of Sign. 
GED. al Sy Ue BE, SRS Es) <0. 00d 
Wth. 147 nets He) 


The F-ratio of this analysis of covariance indicated 
that the difference between the two group ‘means for the 
retention test results was significant at a level smaller 
than 0.001. The adjusted means for the retention test are 
shown in Table 9. These observations show that the reten- 
tion test mean for tne experimental group was significantly 
Higher tianethat of the control group. 

Hypothesis 3, that there is no significant differ- 


ence between the two groups in the retention test results, 


must be rejected. 
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TABLE 9 


ADJUSTED MEANS: RETENTION TEST 


Raw score Percent 
Experimental group AU 66.85% 
Controlegroup 23.94 48.233 


Hypothesis 4 Test 

Hypothesis 4 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the posttest that is classified as knowledge. 

This hypothesis was tested in the same way as 
hypotheses 2 and 3, except that the scores used were those 
Ofatne parc orp tcne= posttest shat’ was classified: .as® know- 
ledge. 

The adjusted results of the analysis of covariance 


for the knowledge part of the posttest are shown in Table 10. 


TABLE 10 


ADJUSTED ANALYSIS OF VARIANCE: POSTTEST, KNOWLEDGE PART 


Source DoE, Mean Sq. AO ety Level of Sign. 


Grp. L 400.91 PPA AW IE 3020.0; 


Wth. 47 Oren 


: iA) Baus T 7 
. | ey - 

Map HorveaTan :avlAdm GaTaOPGA §) wie 

a 


—————— OO 
Par a =i) =~ ~ uS j 
$528 Bh es | 7 


quoi [s Snemi sq: xe 
pean 


7 a — 
sES, Bh be.8% quoip lozine 


a ST a 


; | : 


- 


a 
: jet bh aiasiisogyt — 


7 


Jaasitznele od ai svar age b aisediogyh  — 

Wa Syeip OWI aad Bol eeto02 cash, ss reevwiod sofrese2 aad 
——— 

sitieen(S ai 1nd evjzaoq ald 36 F30q Jedd 


a6. Yeu ose, writ it bateot few eieodgoqyen slat 


( ~ <2) y oe . - 
fod) Ss295w Heel) eewoDe sid 2249 ,8 brs fF aeseoul 
«woh. #8 GellteBsels enw yuu *esdde6ge Shs ae ftsq ee 


uget beyay(ie siT 


i 
~/ 
ie 
4 
- 


SaneLVEVOD To ereavti: 
; 
Od sidst JL. noghe — > 1e9 rey c i oie aa eg SODS [worth ct & 


9 dnt 


Of YIBAT _ 


= —— 
THAT ARGEDVOKA ,T2S1TROT <ANMAIWAV WD SrevtAMA GETEUUOE 


7 — 
ge gy 
a — = 


7 — 
— i@ Ieysel % .f GA 


—— 


— ee 


50 

ThexE-ratiovofiithaiss anadysiis iof:icovariancemindicated 
that the difference between the two group means for the 
knowledge part of the posttest results was significant at 
a level smaller than 0.001. The adjusted means for the 
knowledge part of the posttest are shown in Table 11. - These 
observations show that the experimental group mean for the 
knowledge part of the posttest was significantly higher 


than thatvor the -controilegqznoup. 


TABLE 11 


ADJUSTED MEANS: POSTTEST, KNOWLEDGE PART 


Raw Score Per Cenk 
Experimental group 21.69 72.30% 
Contnols group Los03 53.43% 


Hypothesis 4, that there is no significant differ- 
ence between the two groups in the results of the knowledge 


part of the posttest, must be rejected. 


Hypothesis 5 Test 

Hypothesis 5 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the posttest that was classified as compre- 
hension. 


This hypothesis was tested in the same way as the 
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three preceding hypotheses, except that the scores used 
were those of the part of the posttest that was classified 
as comprehension. 
The adjusted results of the analysis of covariance 
for the comprehension part of the posttest are shown in 


Tabteyi2. 


TABLE 12 
ADJUSTED ANALYSIS OF VARIANCE: POSTTEST, 


COMPREHENSION PART 


SpOuLrce JW he Means Sq. Adi. F (level or sign. 
Grp. al PAO a! 15.74 0001 
Wth. 47 13 5s39 


Tieehoratiowonrthis analysistel Covariance indicated 
that the difference between the two group means for the 
comprehension part of the posttest results was significant 
at a level smaller than 0.001. The adjusted means for the 
comprehension part of the posttest are shown in Table 13. 
These observations show that the experimental group mean 
for the comprehension part of the posttest was signifi- 
CGantly jimi gier ethansthatwotylheéwcoanerole groupie 

Hypothesis 5, that there is no significant differ- 


ence between the two groups in the results of the 
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Comprehension part of the posttest, must be rejected. 


TABLE 13 


ADJUSTED MEANS: POSTTEST, COMPREHENSION PART 


Raw Score Percent 
Experimental group US ao 63.562% 
Control group 14.41 49.693 


Hypothesis 6 Test 

Hypothesis 6 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the posttest that was classified as applica- 
ezlley oir 

This hypothesis was tested in the same way as the 
four preceding hypotheses, except that the scores used 
were those of the part of the posttest that was classified 
as -applacation. 

The adjusted results of the analysis of covariance 
for the application part of the posttest are shown in 
Table 14. 

ThesEstatiofofethis analysiss;ofecovariance indicated 
that the difference between the two group means for the 
application part of the posttest results was significant 


at the 0.004 level. The adjusted means for the application 
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TABLE 14 
ADJUSTED ANALYSIS OF VARIANCE: POSTTEST, 


APPLICATTON PART 


Level of Sign. 


Source Dees Mean sq. No Nah Ree 3 
Grp. i BV AT BS $2) AS) 0.004 
Wth. 47 a aL 


part ofVthesposttestrare!snown ianeTabley1l5<. oThese, observa- 
tions show that the experimental group mean for the appli- 
Cabpie@nppalt Of the posttest was Ssigniticantly higher than 


that obethe control, group. 


TABLEAWS 


ADJUSTED MEANS: 


POSTERS, SAPPLICATION PART 


Raw score Percenc 
Experimental group PARED ee 61.44% 
Control group Uiysh &e SHl6) SM ORO 


Hypothesis 6, that there is no significant differ- 
ence between the two groups in the results of the applica- 
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Hypothesis 7 Test 

Hypothesis 7 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the retention test that is classified as 
knowledge. 

This hypothesis was tested in the same way as the 
five preceding hypotheses, except that the scores used 
were those of the part of the retention test that was 
classified as knowledge. 

The adjusted results of the analysis of covariance 
for the knowledge part of the retention test are shown in 


Table 16. 


TABLE 16 
ADJUSTED ANALYSIS OF VARIANCE: RETENTION TEST, 


KNOWLEDGE PART 


Source Dei Mean Sq. Ad). 1 Level of Sign. 
Grp. il PAOVOE SYS) 2omU5 0, 0). 
Wth. 47 Bie fe 


TieeE Tat Lo. Of this analysis of covariance indicated 
that the difference between the two group means for the 
knowledge part of the retention test results was signifi- 


cant at a level smaller than 0.001. The adjusted means for 
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the knowledge part of the retention test are shown in 
Table 17. These observations show that the experimental 
group mean for the knowledge part of the retention test 


WaS Significantly higher than that of the control group. 


TAB DEAwLs7 
ADJUSTED MEANS: RETENTION TEST, 


KNOWLEDGE PART 


Raw score Precent 
Experimental group den 75.42% 
ConkerG Group LOR 54.26% 


Hypothiesisicy, “thatechere istnersignifticant dififer- 
ence between the two groups in the results of the knowledge 


part of the retention test, must be rejected. 


Hypothesis 8 Test 

Hypothesis 8 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the retention test that is classified as com- 
prehension. 

This hypothesis was tested in the same way as the 
Six preceding hypotheses, except that the scores used were 


those of the part of the retention test that was classified 


as comprehension. 
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The adjusted results of the analysis of covariance 
for the comprehension part of the retention test are shown 


in Table7 1s. 


TABLE 18 
ADJUSTED ANALYSIS OF VARIANCE: RETENTION TEST 


COMPREHENSION PART 


Source Disk 2 Mean Sq. (NGI ey Uk Level of Sign. 
Grp. uk LOO? 8.2158 0.005 
Wth. 47 LOM aa Sy) 


Thee F=ratiovorLy thas analysissof covariance indicated 
that the difference between the two group means for the 
comprehension part of the retention test results was Sig- 
nificant at 0.005 level. The adjusted means for the com- 
prehension part of the retention test are shown in Table 19. 
These observations show that the experimental group mean 
for the comprehension part of the retention test was signi- 
Ficant ly "higher-—thant that* of*the* control group. 

Hypothesis 8, that there is no significant differ- 
ence between the Wo groups in the results of the compre- 


hension part of the retention test, must be rejected. 
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TABLE 19 


ADJUSTED MEANS:.. RETENTION TEST, COMPREHENSION PART 


‘Raw score Percent 
Experimental group 107976 56.63% 
Control group Tes 41.68% 


Hypothesis 9 Test 

Hypothesis 9 stated that there is no significant 
difference between the mean scores of the two groups for 
that part of the retention test that is classified as 
applicgatron. 

This hypothesis was tested in the same way as the 
seven preceding hypotheses, except that the scores used 
were those of the part of the retention test that was 
classified as application. 

The adjusted results of the analysis of covariance 
for the application part of the retention test. ane shown 
in Table 20. 

The H-ratio of this analysis of covariance indicated 
that the difference between the two group means for the 
application part of the retention test results was signi- 
ficant at a level smaller than 0.001. The adjusted means 
for the application part of the retention test are shown in 


Table 21. These observations show that the experimental 
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Group mean for the application, part Of the retention test 


Wes sldniticantly Nagiermetnans chat Of the contLolLygqroup. 


TABLE 20 


ADJUSTED ANALYSIS OF VARIANCE: RETENTION TEST, 


APPIICATION PART 


Source DR Mean Sq. Nola et Level of Sign. 
Gre. Hh 235.46 DS ia geyil 0 00L 
Wth. 47 IDSA SAP 


Hypothesis 9, that there is no significant differ= 
ence between the two groups in the results of the applica- 


tion part of the retention test, must be rejected. 


TABLE 21 


ADJUSTED MEANS: | RETENTION SThoOL, APPLICATION PART 


Raw Core PeLCcent 
Experimental group Hoye (ORS) 68.41% 
Conaurol cucoup OO TE 48.68% 


Hypothesis 10 Test 


Hypothesis lO stated that there as mo Significant dif= 
ference between the means of the two groups in the time spent 
by students learning the basic electrical theory either 
by programed instruction or by conventional classroom 


presentation. 
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Table 22 shows the mean and the range of time used 
in programed instruction (experimental group) and in con- 
ventional instruction (control group) to cover the same 


basic electrical theory. 


TABLE 22 


COMPARISON OF TIME USED 


Mean (hrs.) Range (hrs.) 
Experimental group Shale ee) 23.76 -— 46.43 
Control, group D478 AQ 200 5—" 77.50 


These test eindicated sthateliesda it enencegin geame 
was Significant at the 0.001 level. 

These observations show that the mean time spent in 
instruction .of basic electrical theory was significantly 
less for the experimental group than that for the control 
group. 

Hypothesis 10, that there is no Significant differ- 
ence between the two groups in the time spent in instruc- 


tion, must be rejected. 


Hypothesis 11 Test 


Hypothesis 11 stated that the attitude toward the 


programed material of the students learning electrical 
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theory by programed instruction is not significantly dif- 
ferent from the attitude of a hypothetical population of 
unbiased subjects. 

The attitude questionnaire tested each of eight 


attitude concepts by one positive and one negative state- 


ment. The student was asked to check one of: "strongly 
agree", “agree", "no opinion", "disagree", and "strongly 
disagree" for each of the sixteen statements. For the 


positive statements the responses were given a value of 5, 
4, 3, 2, and 1 respectively. For the negative statements 
the responses were valued in the opposite order from 1 to 
5. A population of unbiased subjects would score an 
average value of 3 (no opinion) for each statement, and 
diwaverage Olbwh tor cach concept) tested.) ) Ihe average uUn= 
biased score for the total questionnaire would be 48. A 
higher score for the experimental group would indicate a 
more positive attitude toward the programed material. 

The results of the application of the questionnaire 
to the experimental group are shown in Table 23. WN was 
tWwenty-rive. A one-sample € Eest) was used to determine the 
Significance. 

Hypothesis ll, that there is no significant differ- 
ence in student attitude toward programmed instruction 
between the experimental group and a population of unbiased 
subjects, must be rejected. The experimental group had a 


significantly more positive attitude. 


dtpie. toribad begaat stinonoisaeup’ 
-#iei2 avizspen one bas evisieoy sao a ‘ . 
yipnotie" <t0 sno Ando of beet esw pee Seat: 2 
yleoosse" a6. ,"eSxpaeib” ,"molaigo on" ,"semge" ,"s97pe 
oft 164 .2tdnemedese neetxie ed Qo floss 102 *soxgealh 
2 20 ouléy eo ASvip Brew 2sacoqes7 ort cronies ovistaog. ( 
esnemeisse Svisdepen 903 36% Ylevisoeqzes DT bas «i ,f 4876 
oy L mox? tobe Seteuggn ong ct boule Stew seanpgees edd 7 
fe stobe Givow atnetdve Lorsidaw Jo Aapdeluged Poe 


_ 


brs , inbpedede toag 10F (Aditnede on) € 16° outsv s 
“(ti Sosivve aiff .iadeod Jtqentoo does 1907 & Fo Speteve Be 
& <8) ed Livew extranoisesep Ietah add. 202 sade bemald 
6 @isvihbnl fluow. quoap lésnemitaqes Say 197 o198ne tadpid 

eleligiam benespo7G ay Hedwod aburivis svitizoq stom 
etésnavidéesno eit to noch teoilage Sd Bo Stivent edt ~< = 
chin .E8 side! oi nvode S38 qhionp Lediendiegxe ots OF 
609 suimreteb od boou ssw teou t eiqmietane A .evbi-—yooewe es 
,wonsod tinpie: 
263290 Prisuidinpic on 21 sxsdd dele (fh ekesiingyt FF S 
— GeRAseIye8. fiewexpeIg bTeWoR Jhutatee tasbute ab 0 
pabicihabeis As nosbsn ori is! Se. ed eee pet 


61 


TABLE 23 


STUDENT ATTITUDE TOWARD PROGRAMED INSTRUCTION 


Score Average et Oure ean 
205 01 
General effectiveness 176 14. 0'6 * 
(as viewed by the student) 
Time to learn hyp CELOe ud 
(as viewed by the student) 
Understanding 160 on oo 
(as viewed by the student) 
General preference 165 O.o09 
Interesting (less boring) 156 6.24 
Better concentration iL Tey TSO 9 % 
Easier learning 166 6.64 bs 
Feeling of accomplishment eps: 7200 us 
(reinforcement) 


Total 1350 Soyer ia 
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CHAPTER 5 
SUMMARY AND CONCLUSIONS 


Chapter 5 will summarize and discuss the results of 
this study which investigated the effectiveness of a set 
of programed instructional materials for basic electrical 
theory. Also discussed are some related problems that 
were observed during the experiment. In addition attention 


is directed to an area that deserves further study. 


Summary and Discussion of Results 

tiene siLrocuculon=cOmCchaptcer lt was) Stated that 
the most important advantage of programed instruction is 
thet yles use can ‘tacilitate: indivadual students progress 
and individualized instruction. This advantage alone 
would justify the use of programed instruction, even if it 
is not better in general effectiveness than conventional 
PASoLUCT LON. 

The set of programed instructional materials in- 
vestigated in this study appear to be superior in all 
factors that are generally included in the definition of 
effectiveness for a teaching method. It would, therefore, 
seem justified to recommend its use where applications are 
Similar to the ones described in this study. 

The discussion of the results should start with the 


experimental design which attempted to test all major 
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factors that various authorities would include in the 
definition of effectiveness. There were some variations in 
the literature that was reviewed, however, it would seem 
that measures of achievement, retention, comprehension, 
application, time, and attitude would satisfy most of the 
recommendations. The experiment was designed to test all 
these factors. The experimental design also tried to 
create a Situation that would resemble the future practical 
use of the programed material as closely as possible. In 
this study the programed instructional material was inte- 
grated with student experiments, problem assignments, text- 
book references, and demonstrations. 

The statistical analysis evaluated achievement by 
testing hypotheses 1 and 2; retention was tested by hypo- 
thesis 3; the program's performance with regard to know- 
ledge, comprehsnion, and application was tested by hypo- 
theses 4 to 9; time and attitude were tested by hypotheses 
10 and 11 respectively. 

Hypothesis 1 was formulated to test the question how 
well the individual units of programed instructional mat- 
erial achieved the learning objectives for which they were 
designed..4 The standard. that. /53) of allwstudents, must com 
plete 75% of the items on each subtest correctly was chosen 
because the programed material was not intended to produce 
mastery of each concept without any further instruction. 


For six of the twenty-two subtests this standard was 
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not reached. However, the averages of all items for each 
student showed that 92% of the students completed 75% or 
better of the total subtest items correctly. 

Since no comparison was used for the first hypo- 
thesis Meeceissnot poss tbe, tO edetermine whetiernetais fout— 
Cones ustatustically isuqniticant.. “it mustibemlerit togthe 
future user to decide whether the results are acceptable 
for his purpose. The results should also be reviewed in 
conjunction with the actual subtests (Appendix B). 

Hypotheses 2 and 3 compared the learning achieve- 
ment and the retention of students who used the programed 
material with the learning achievement and retention of 
students learning by conventional teaching methods. The 
statistical analysis showed that the experimental group 
performed significantly better both in achievement and in 
retention. 

To test the effectiveness of the programed material 
with respect to knowledge, comprehension, and application, 
the items of the posttest and of the retention test were 
divided into these three classes. Bloom (1956) in his 
Taxonomy of Educational Objectives: Cognitive Domain 
classified knowledge, comprehension, and application in 
ascendingaorder, tand the higher classitications are some= 
times assumed to be more difficult to learn. 

Hypotheses 4, 5, and 6 compared the achievement of 


the experimental group with that of the control group in 
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each of the knowledge, comprehension, and application 
classes of the posttest. The means of the experimental 
group were Significantly higher in all three classifica- 
tions. 

Hypotheses 7, 8, and 9 compared the retention of 
the two groups in the three classes of the retention test. 
Again, the experimental group means were significantly 
higher in all three classifications. 

The results of the hypothesis 10 test showed that 
the time spent in programed instruction was significantly 
less than the time spent in conventional classroom instruc- 
tion covering the same concepts of basic electrical theory. 

It may be argued that, because students in the ex- 
perimental group spent less time in programed instruction, 
they had more time available for the supplementary instruc- 
tion and this would influence the total learning achieve- 
ment and retention. However, the faster students were 
allowed to go on beyond the basic concepts covered by this 
study, so that there was in fact a saving of time: 

The results of the test for hypothesis 11 showed 
that the student attitude toward programed instruction is 
Significantly more positive than that of a hypothetical 
unbiased population. 

The attitude questionnaire was constructed from a 
matrix that included eight different concepts (see Appendix 


B). When the total result is broken down into these eight 
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concepts (Table 23, page 61), it can be seen that the 
students' perception of greater efficiency and less time 
requined sfor «the programed’matenial vagrees with, the factual 
findings. 

In keeping with most recommendations made in the 
huterature no attempt twas gnade+to..combine all .thesfactors 
of effectiveness into one index. It must be left to the 
individual user to determine the relative importance of 
each factor in his situation. However, since achievement, 
retention, time, and attitude were significantly better for 
the experimental group, and since the higher achievement 
and retention was observed in all of the classifications 
of knowledge, comprehension, and application, it can 
safely be said that the programed instructional material 
evaluated in this study was more effective than conven- 
tional classroom instruction as it was used in this ex- 


periment. 


Other Problems 

There were some problems related to the use of pro- 
gramed instructions that were observed in this study, and 
that could possibly reoccur in similar applications of 
programed material. These problems were primarily con- 
nected with the varying time that different students used 
to work through the programed material and with the in- 


dividual progress made possible by the use of programed 
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instruction. Some students were so conditioned to work 
being done and handed in at a date set by the teacher that 
it was necessary to give them such dates, at least for 
the beginning of the course; however, such time limits 
were taylored to suit the individual student's ability. 
Other students looked for some time norm that seemed 
acceptable to their peers. 

Perhaps the biggest problem arose from the insistence 
of the school system that a certain course must take a 
given number of hours for all students. This meant that 
some meaningful and relevant additional learning situa- 
tions had to be found for the faster students, while some 
very slow students were unable to finish all parts of the 
course. This preset time factor also discouraged some of 
the more able students from completing their work as fast 
as» they could. 

Once the students and the teacher overcome these 
initial problems, they. will find this method of instruction 
more rewarding. The student attitude toward the programed 
material was indiciated by the results of the attitude 
questionnaire. Most teachers would also find the use of 
programed material more satisfying, as they will feel that 
they have better opportunities to deal more directly and 
more effectively with different problems that individual 


students may have. 
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Suggestions for Further Study 

There is one issue that would deserve some further 
investigation. It seems puzzling that programed instruc- 
tion is not more widely used. This study, as well as 
many other ones, show that programs can be as effective and 
in many Ragas more effective than other teaching methods. 
This study also shows that it is possible -- even though 
very time consuming -- for a teacher to prepare a pro- 
gram that suits the needs of his students and his course. 
It is also evident that programed instruction makes pos- 
Sible -- and is in some cases essential -- to put into 
practice several of the educational concepts that are 
advocated by contemporary educationists. Such concepts 
as individualized learning, individual and continuous 
student progress, self-initiated and independent study, 
and several others can be made possible by programed 
POSE CUCtION. 

Several reasons could be postulated for the re= 
luctance of most educators to use programed instructional 
materials more extensively, but it is likely that a com- 
bination of factors causes the failure to put this method 
to more widespread use. However, any such assumptions must 


be investigated using a more systematic approach. 
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78 
INSTRUCTIONS 


You should have no difficulty working through this programed 
course for basic electrical theory. Each unit is divided 

into a number of "frames", Each frame will take you a small 
step in your learning. Each frame will also have one, or some- 
times more than one, blank space. You are required to fill in 
the blank space and therby complete the statement. Read each 
frame through to the end and look at the diagram, whenever 
there is one, before you make your response by completing 

the space. 


After you have completed the response in frame #1, you go on 
to frame #2. You will find frame #2 not below frame #1, but 
on the top of the next page. The following frame will always 
be on the next page until you reach the last page of the unit. 
There you will be told to go back to the starting page of the 
unit and you will find the next frame in the next lower 

space. 


At the beginning of frame #2 you will find in parentheses ( )- 
the correct response, or responses, that you should have given 
in frame #1. Your response need not always be exactly the same 
wording, as long as it has the same meaning as the one given. 
If your response was and the one given in the 
parentheses is (twice), your response is, of course, equally 
Correct. Looking ahead for the correct response will not 
facilitate the best learning. 


If the response you gave in one frame is different from the 
one given ahead of the next frame, go back and try to find out 
why ou made this mistake, and correct your response. You will 
find that you get only a few incorrect responses. If you get 
one quarter or more of the responses wrong, you should be more 
careful in reading the information given in the frames. 


Speed is not important in completing each unit, but once you 
have started one unit, you should try to complete it without 
interruption. 


In this programed material some concepts or problems in one 
frame may relate to information given in the foregoing frame. 
Do not change the order in which you work through the material 
from that indicated by the numbering of the frames. 
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UNIT 1 
ELECTRICITY AND MATTER 


This first unit is a brief introduction into the smallest 
buildign block of all chemical elements, the atom. Every 
chemical element is made up of atoms, and all material or 
matter is made up of one or more chemical elements. All 
matter is therefore made up of atoms. This unit will 
show how electrical forces are necessary to keep atoms, 
and thereby all physical matter, together. 


Each atom is made up of a core or nucleus and a number of 
electrons that move around this nucleus. This first unit 
will introduce you to the atom and will describe some fea- 
tures of the nucleus. The second unit will cover the 
behavior of electrons in conductors and insulators. 


Atoms are incredibly small and cannot be seen. The model 
of the atom as it is generally accepted is therefore, 
strictly speaking, a theory. This theory however, works 
So well in all respects that we can safely accept it as 
fact. 


This. short introduction into the structure of matter will 
enable you to better understand other concepts of electri- 
eity which are covered in later units. 
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1. Working through these pragrammed instructions you should 
always compare your answer(or answers) with the answer(s) 
given at the begin of the next frame. From the instruction 
page you remember that the second frame is not below the 
first one, but on the page. This means that 
the answers to this first frame are found on page number 
(If you did not read the instruction page, you better do 
it now.) 


“10. (nucleus) [If this is the second frame you work through, then 
you ae not following the instructions. tead the instruction 
page! 

Hven though the electron in the hydrogen atom does not follow 
an exactly circular path, it will normally be a definite 
distance away from the nucleus. ‘This distance is determined 


by the attracting force between the (positive/ne- 
gative) electron and the __ (positive/negative) 
nucleus. 


19. (twice) Because of the importance that this "heavy hydrogen" 


atom has in nuclear physics, it has been given e separate 
name: "deuterium". Deuterium is chemically the same as 

but physically it is as heavy 
as hydrogen. 


28, (13)(14) Sodium has an atomie number of 11 and an atomic 
weight of 23. This information tells us that the sodium 
nucleus contains protons and _ neutrons. 


37. (repel) By now you might be wondering about the positive 


charges in the nucleus. In all nuclei (except the hydrogen 
nucleus) there is a number of positive charges close to- 
gether. Since the protons in a nucleus have all positive 
elctrical charges, they should each other. 
This should result in thc nucleus being pushed apart. 

This happens only in the radioactive elements and in 

the radioactive isotopes of elements. Almost all natural 
elements are stable. ‘The number of neutrons in the nu- 
cleus has some influence on whether the element is stable 


or radioactive. 


— ¥ ae vee 
sae Gotieurteal si ‘eor dag Bel 


[> 
wolfict Jon sacl mole of oils alk sono am: 
otiniteb o od Ghiemmned ifew Jf , Mics tm a? 
banimwlab a! spoesaib Sif .susioua ond 
of asowied ontot 


ea\evli lung) 
(ovidemen\evtiecg? tt ne 


oi eta 7Se , need sad 3. arth ae. 
an ede Mieptaeds ei anrsy ."aallredged 
weed ee _ . et il viftwolieviig tet e 


; 
eS <= 
' — 
cc, 
Siucie ae bie LL So 19daun oigose nd eed muihon (piit 


gubboe ef? Jandy eu ellet nois ant wivtt .8S to tdyiow — 
eenoTs van hos fn esg eniesaoD eveloun 


81 


(next)(3) Electrical theory can be learned in a very logi- 
cal step by step manner. You need to understand the basic 
concepts for further study of electrical theory, and you 
need the theoretical background for experiments and prac- 
tical work. You can check whether you understand the ma- 
Tomy by comparing your answers with the ones given in 

t 6 


lI. (negative) (positive) Because the nucleus of the hydrogen 
atom has one positive electrical charge (+1), and the 
electron has one negative electrical charge (a4 the 
total electrical charge of the complete hydrogen atom 


aS é 


20. (hydrogen)(twice) the next more 


complex chemical element is helium, Fe: al 
Its nucleus contains two protons neutrons 


and two neutrons. The two poasi- 


tive protons in the nucleus can 
hald electrons to the atom. Pignae nucleus 


29. (11)(12) When two atoms have a different atomic number, 
they hold a different number of electrons and mst have 
chemical charateristics. 


38. (repel) So far we have learned that the protons and the 


neutrons are found in the of the aton, 
and the move around the nucleus. 


————— ——————————————————————— 
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(next page/next frame) It should normally not be too 
difficult to get this answer. If a frame really dosn't 
make any sense to you, even after you read it twice, you © 
may want to look at the answer; this may clear the confue 
Sion. However, you should not just look up the answer so 
that you have something to fill in the blank. A person 
doing that will not learn anything, but would only waste 
his time. He must obviously be some kind of a A 


(zero/neutral) The positively charged particle that makes 
up the nucleus of the hydrogen atom is called a proton. 

We can, therefore say that the hydrogen atom is made up 

of one and one ° 


Bipcirom oe aN 


\ 
\ 

proton __, 

(nucleus) ® 


J ‘ 


(two) Each proton and each neutron has a unit weight of 
one. Helium has two protons and two neutrons in its nu- 


cleus. Neglegting the weight of the electrons, the atomic 
weight of helium is ° 


a 


(different) The atomic number for copper is 29. Hence, 
any atom having 29 protons and 29 electrons must be a 
atom. 


(nucleus)(electrons) The proton has a 


electrical charge and a unit weight of EP 
The neutron has electrical charge and a 
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(You said it, and I won't disagree) Enough of the pep 
talk, Iet's invetigate how electricity is present in every 
piece of material. 

AlI material (or matter) is made up of chemical elements. 
Sometimes the material consists only of one element, such 
as in copper or iron. Sometimes two or more elements are 
combined into a chemical compound such as in water or in 
sugar. Water can be chemically divided into hydrogen and 
oxygen. Hydrogen and oxygen however, can not be broken 
down any further--at least not by chemical means. They 
are chemical ° 


(proton) (electron) or (electron)(proton) The fact that the 
proton has a positive electrical charge and the electron 
has a negative electrical charge is not the only difference 
between the two particles. When we compare the weight of 
the proton with that of an electron, we find that the weight 
of the electron is so small that it can be neglected in 

most calculations of atomic weight. We will get a very 

close measure of the weight of the hydrogen atom by deter-= 
mining the Weight of only the : 


(four) The weight of the electron, when compared to the 
weight of protons and neutrons, is so small that it can 
be neglected. Therefore, the unit weight of an atom 

(or the atomic weight of an element) is determined by the 
additim of the number of and the num- 
ber of in the nucleus of an atom. 


(copper) Most carbon nuclei (or nucleuses, which is also 
a correct plural form of nucleus) contain six protons and 
six neutrons. These carbon atoms must have the atomic 
number of , and the atomic weight of d 


(positive) (one) (neutral/no) (one) The electron has a 
electrical charge, and when compared to 


the proton or neutron its weight : 
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5. (elements) The smallest building block of a chemical 
element is the atom. Carbon is a chemical element and its 
smallest building block is the carbon atom. Copper is 
another chemical element and its smallest building block 
is the atom. 


14. (nucleus / protan) When we express the weight of a 
proton in ounces or in grams, it would be an extremely 
smail weight, but when we talk abont the weight of a 
certain atom we use as a unit the weight of one proton. 
We say that the proton has a unit weight of one. The 
hydrogen atom consists of one proton and one electron. 
Because we neglect the weight of the electron, we say that 


the unit weight of a hydrogen atom is : 


ss 


23. (protons)(neutrons) or (neutrons)(protons) The chemical 
charateristic of an atom is determined by the number of 
electrons that the atom holds when it is electrically 
balanced. When an atom has a different number of elec- 
trons than another one, it is chemically 

from that other atom. 


ae. (6)(9e)) About. 1.1% of ial, carbon nuclei contain seven 
neutrons besides the normal six protons. These atoms, 
then, have the atomic number and the atomic 


weight ° 


“Al. (negative) (can be neglected/very small) In an electrically 
balanced atom the number of electrons that move around the 
nucleus must equal the number of in 


the nucleus. 
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6. (copper) Just like chemical elements are different from 
one another, the atoms that make up these different ele- 
ments must be from one another. 


15. (one) The proton. is not the only particle present in the 
nuclei of atoms. There is another particle that has no 


electrical charge; it is neutral and is therefore called a 


neutron. The weight of the neutron is the same as that of 
a proton. The neutron has an atomic unit weight of 4 


24. (aifferent) Ss chemical Miocene ceiaete vane an atom is 
determined by the number of electrons it has. Since the 
number of electrons and protons in an atom is equal, the 
chemical characteristic of an atom is also determined 
by the number of in the nucleus. 


33. (6) (13) Perel sea nea se, same Peenicl shes. but a 
different atomic weight are called isotopes. Most chemi- 
cal elements have a number of isotopes. HKecause the iso- 
topes of one element have the same atomic number, they 
cannot be chemically : 


4e,. (protons) _ The ‘electrons are “hela by the nucleus, because 
opposite electrical charges . 


a eae rs es eas ee 
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7. (different) The simplest atom in existence 
is the hydrogen atom. It has only two 
parts, the nucleus in the center of the 
atom and the electron which moves around 
the nucleus at a certain distance. (Put 
the names of the two particles of the 
hydrogen atom on the lines in the sketch.) 


(a) 


16... (one) There is a very eee ny aniacder of mae Ay 
drogen atom. It has one proton and one neutron in its 
nucleus. We know the atomic unit weight of the proton 
as well as of the neutron, and can therefore, predict 
that the atomic weight of this atom is ° 


This variation--or isotope-- of hydrogen is 
called heavy hydrogen. proton ~~~? 2) 
7 neutron ~~ 


; electron: NARS 


25. (protons) The number of protons (which corresponds to the 
number of electrons) in an atom is represented by the 

atomic number of that atom. Iron has the atomic number 

26. We know therefore, that the iron atom has protons 
in its nucleus, and that the complete and electrically 
balanced atom has electrons. 


34, (aifferent) When you ‘look ‘up the ‘element. germanium ina table 
of chemical elements, you find that it has an atomic number 
of 32 and an atomic weight of 72.6. This does not mean 
that the germanium nucleus contains 40.6 neutrons. lhe 
fractional number in the atomic weight is due to the fact 
that germanium as it occurs in nature consists of a mixture 
of isotopes, some having 38, 40, 41, 42, and 44 neutrons. 

It is not possible for a single atom to contain only a part 
of one neutron, or for that matter, a part of a proton or 
electron, because these particles cannot be : 


43. (attract) You have ‘also Vearned that the cyaenuire number 
tells us how many there are in the nucle- 
us, and how many electrons the atom can hold when it is 
electrically balanced. this in turn determines the 

characteristic of that atom. 
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((ajelectron, (b)nucleus) The nucleus of ~ 

the hydrogen atom has a positive electri- electron 
cal charge, and the electron has a nega- 

tive electrical charge of equal strength. (+) nucleus 


Because a positive and a negative electri- 
cal chargeswill attract each other, there 
Will be a force of ~ between 
the nucleus and the electron. 


(two) There is only one proton in the nucleus of this 
atom. To make this atom electrically balanced, there must 
be electron(s) moving around the nucleus. 


(26)(26) Atomic weight is determined by the total sum of 
protons and neutrons in the nucleus. The atomic weight 

of aluminum is 27. This tells us that the sum of the pro- 
tons and the neutrons in the aluminum atom is ° 


(divided/split) Isotopes differ only in the number of 
neutrons they have in the nucleus but not in chemical 
charateristics. The deuterium atom contains one extra 
neutron besides the single proton of the hydrogen atom. 
Deuterium is a(n) of hydrogen. 


(protons) (chemical) The atomic weight tells us the sum of 
the and in an atom. 


When we deduct the atomic number (the number of protons) 
from the atomic weight, we find the number of 


in the nucleus. 
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9. (attraction) The electron of the 

hydrogen atom moves around the 
- But this does 

not mean that it moves in a definite 
circular path. It maylatvea certain 
time be found enywhere in a spherical ee 
area around the nuleus. This area tg a 
can be compared to a shell. ale nell area 
(Return to page 2. 


electron 


nucleus 


18. (one) The chemical characteris stic of an atom depends on 
theenumber cr electrons that the atom can normally hold. 
Thie atom has only one electron and it behave chemically 
like hydrogen. But it has one neutron besides the one 
peotentinentaeinucieus, endgeit is therefore, 
aps hooves cops heenomal hydrogen aton. 

(Return to page 2.) 


Ate (27) Lhe atomic number of. aluminum: is 43. This tells us 


tThaceLnere ere protons in the nucleus, and because 
the atomic weight of aluminum is 27, we can also conclude 
that there are neutrons in the nucleus. (Remem- 


ber, 27 is the sum of the protons and neutrons.) 
(Return to page 2.) 


36. (isotope) We have mentioned that unlike (or dissimilar) 
charges attract, and it seems reasonable to conclude that 
like (or similar) charges : 

(Return to page 2. 


45. (protons) (neutrons) in any order (neutrons) It is believed 
that there are a number of other particles that can some- 
times be found in an atom. These particles differ in weight, 
size, and electrical charge from the three common ones that 
we have dealt with, which were the pechic 

, and the 2) Veeco 
however, understand electrical theory without a detailed 


knowledge of these not so common particles. 


Answer to 45: (proton) (neutron) (electron) in any order 
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UNTE SLE = 
SIZES, RESISTANCE, AND TEMPERATURE COEFFICIENT OF WIRES 


In this unit you will learn how diameter and cross-section 
area--the area available for current flow--of wires are mea- 
sured. The cross-section area is usually expressed in cir- 
cular mils (CM). This CM area will be compared to the wire 
sizes as designated by the American Wire Gauge (AWG). 


Resistance of a wire can be calculated when the CM area, the 
length, and the resistivity of the material is known. The 
resistivity--the resistance of a material for a conductor of 
standard length and standard diameter--changes with tempera- 
ture. The temperature coefficient can be used to calculate 
this change. 
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1. The logical way to specify a certain wire size would be to 
measure the diameter. Since the inch is too large a measure 
for most wires, a smaller unit, the mil is commonly used 
to measure the diameter of wires. 


is a 
I mil = “T0600 inch 
We can, of course also say that 
IL Sieveler = (complete the equation.) 


9. (900) (6300) Nets can atlcot find the dieneterst that. is ; required 
to give a certain CM area. 


diameter in mils = VCM area 
If a conductor of 10,000 CM is required, we know that it 
must Navelaydiameter of mils, which is the, same as 
OCI. 


17. (less than) In fact it is rated at 40 amps. 
Another fact of interest is the resistance of a wire of a 
given length, size, and material. It seems obvious that 
resistance and length are directly proportional. When 200 ft 
of #12 copper wire have 0.318 ohm resistance, then 1000 ft 
of the same wire must have ohms resistance. 


25. (0.1) One more before you forget how: A copper wire with 
length=S00ft and area=2600 CM has a resistance of 
ohm(s). (I hope you don't get the notion that all practi- 
cal problems have values that are that easy to compute.) 


39..4(,.004)...let.s airy. one more: A copper “coil in a motor has 
ay ocold,’ (200 C) resistance of 25 ohms. Hee the opera- 
tion the temperature of the motor rises to 60°*C! “Theresis- 


tance at that temperature is ohms. 
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10. 


26. (2) If you need to find the length of a certain wire that 


34. 


jul 


(1000 mils--note the spelling: one 1 in mil) The diameter of 
a certain wire is .22 inch. We miltiply this value by 1000 
to get the diameter in mils. This wire would have a diameter 


of mile. 


GOO) tO.) Now that you know how to handle mils and cir- 
cular mils, it seems appropriate to tell you that most wire 
Sizes are normally nat designated by either one of these 
measurements. The wire sizes that are commonly used are 

those of the American Wire Gauge (AWG) (AWG was formerly 

known as the Brown and Sharp Gauge, B&S). In the AWG sys- 
tem the larger wire will have the smaller number, and the 
smaller wires have the larger numbers. A number 14 wire 

Will have a diameter that is (larger/smaller) 
than that of a number 10 wire. 


(1.590) On the other hand, resistance and circular-mil area 


are inversel roportional. 1000 ft of #10 copper wire, 
with 10,000 CM have 1.00 ohm resistance. 1000 ft of a wire 
with 20,000 CM must have ohm resistance (because 
there is more room for current to flow). 


would be required to make a certain resistance, you can trans- 


pose Kl 
R=-qyj «Coto «solve for l. (length) 
CM 


You would multiply each side by E to get 


Hees snk = cit en (complete the equation) 


We can now cancel R and CM in the fraction on the right to get: 


ae or reversed: 0 cee 


(29) We can also determine the temperature change in a con- 
ductor by measuring the change in resistance and dividing 

this change by @& x Reg. A copper relay coil with Roo of 

200 ohms, operates for some time. When it is measured again, 
the resistance has increased by 16 ohms to 216 ohms. The tem- 
perature increase must be centigrade, and the operating 


temperature of the coil is Cr 
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3. (220) A wire with the diameter of 0.078 inches would mea- 
sure mils in diameter. 


ll. (smaller) ‘There is some relationship between the AWG 
sizes and the CM area. A number 10 AWG wire has very close 
to 10,000 CM, and for every third lower AWG number the 
CM area is doubled. A number 7 wire would have CM; 


a number 4 wire would have CM, and so on. 
O O C) C) 
#10 #7 #4 #1 


Actual size of bare (uninsulated) solid 
(not stranded) conductors. 


19. (0.50) The third factor affecting the resistance of a wire 
is the material that it is made of. Copper is one of our 
best conductors; only silver is slightly better. However, 
Silver is rarely used, because it is too expensive. Alumi- 
num has a resistivity somewhat higher than copper (which 
means that it is not as good a conductor), but because it 
is light in weight it is often used for overhead line wires. 
Iron and special resistance wires such as nicnrome, chromel, 
etc. have resistivities several times higher than copper. 
The material most commonly used for wires are 
to some extend , with silver being too expensive 


Poe Lom renera]. USE. High aE yeg ge. ay ewe 


ess Bas | a = 1a Oe Gs ber ee Suppose you have to make a wire- 
wound resistor of 10 ohms using nichrome wire with k=600 and 
a cross-section area of 1200 CM. You would require ct 


of wire for this resistor. (Do your calculations right here. ) 


35. (20°)(40°) The temperature coefficient is based on an ori- 
ginal temperature of 20° centigrade. However, the coeffici- 
ent may also be used with reasonable accuracy when the 
starting temperatures are somewhat higher or lower. Only in 
extreme temperature changes is the temperature coefficient 
no longer accurate. The tungsten filament wire of an inca- 
descent lamp operates at temperatures above 2000° C. All we 
can say in that case is that such a very high temperature 
increase must result in a resistance 
increase. 
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4. (78) The amount of current that a wire can carry is deter- 
mined by the cross-section area that is available for the 
electron movement. If we would 
measure the diameter in inches, 
then the unit for the measure- 
ment of the cross-section area : 
would be the ‘ eT Rene ae ae 


12. (20,000)(40,000) On the other hand for every third higher 
AWG number the CM area is divided by two. A #13 wire would 
have CM, and a #16 wire would have CM. 
These figures, however, are only approximate values; for 
exact values it is best to consult a table of wire sizes. - 


20. (copper) (aluminum) The resistivity of materials can be given 
as the ohms-per-mil-foot resistance. This would be the re- 
Sistance of a conductor with a diameter of 


and a length of : 
(A conductor with one mil dia- . ‘acl = | 
meter would be cosiderably smaller pe Oe ens oie foot 


than a human hair, and indeed 
difficult to manufacture and to 7 
handle.) 

d 


lameter=one mil 


28. (20) The resistivity (k) is usually given for room tempera- 
ture, which is considered to be 20” centigrade(or 68° F). 
The resistance of most metals increases slightly when the 
temperature goes up. The resistance of a transformer coil 
is measured at room temperature and then again after the 
transformer has been operating for some time and its tempera- 
ture has increased. The second measurement will be slightly 


86. (very high) In fact the resistance of most filament lamps _ 
is about 10 to 15 times higher when the lamp is operating 
(hot) than the cold resistance. 

Let's review what we learned in this unit: The mil is used 
to express the diameter of wires and is equal to inch. 


The circular mil, CM, is used to express the cross-section 
area of wires and is found by simply taking the 


in mils to the - 
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5. (square inch) It seems logical to use the square mil for the 
erass-section area of smaller conductors. However, another 
unit the circular mil (CM) is used for most conductors. 
First of all it is important to remember that the square mil 
is not normally used to measure the cross-section area of 
pacers The unit that is commonly used for this measurement 
1 e : 


13. (5000)(2500) A #1 AWG wire is more than 4 inch in diameter 
while a #40 wire is smaller than a human hair. A number 1 
wire can cerry over 100 amperes, but this is not sufficient 
for many modern applications and the next larger wire sizes 
were desienated=asv0. 00, 000, and ,O000. (Alsoncalled: .cone= 
naught, two-naught, three-naught, and four-naught.) After 
that the system switches back to CM measurements with wire 
sizes of 250,000 CM, 300,000 CM, and up. A number 000 (or 3/0) 
wire would be (larger/smaller) than a #8 
wire and than a 400,000 CM wire. 


21. (one mil)(one foot) The ohms-per-mil-foot resistance for 
Siiveris 9.8, for copper 1t 15° 104, .for aluminum 2iyis 
i7aeol iron (Oo, Loren renromes OOO etc. sie mmnperlant sone 
to remember is the one for copper which is 5 


29. (higher) We can calculate the resistance increase by using 
the temperature coefficient. The temperature coefficient for 
copper is .004. ‘That means that for every degree centigrade 
temperature increase a resistance of one ohm would increase 
by 0.004 ohms. When the temperature of a copper coil of one 
ohm resistance is increased by 20° C, the resistance would 
increase by ohms and the new temperature would be 

ohms. (Sometimes the symbol % (alpha) is used for 
the temperature coefficient and a value of 0.00393 1s also 
used for copper; however, 0.004 gives results that are accu- 


rate enough for our purposes.) 


one ( a5 )(diameter)(square) The Americam Wire Gauge (AWG) 
is a numbering system where the smallest number stands for 


Wire sizes with the CM area and vice versa. 


The current carrying capacity of wire depends, of course, 
- on the but is also affected by the 


temperature rating of the Insulation and by the location 
and usage of the wire. (Wires that are well ventilated-- 
in free air-- can carry higher currents. when many wires 
are enclosed in a conduit or cable, or when the surrounding 


air is hot, the ampacity is Lease.) 
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6. (circular mil) The circular mil (CM) is particularly easy to 
calculate from the diameter of any round conductor. 


Area in CM = (diameter in mils)* 


ALT we need to do to find the circular mil area of a round 
wire, 1s to measure the diameter in and to take 
this number to the : 


14. (large)(smaller) To avoid writing long numbers a size such 
as 250,000 CM is commonly referred to as 250 MCM. A 500,000 CM 
conductor would be called 500 MCM etc. We see that in désig- 
nating large wire sizes the first M in MCM stands for 
(And that after painfully instructing you in Unit 8 that a 
capital M stands for 1,000,000.) | 


22. (10.4) To calculate the resistance of a given wire we use: 


kx 
CM 


k is the ohms-per-mil-foot resistivity (10.4 for copper); 

1 is the length in feet; and CM is the circular mil area. 

The formula 1s easy to remember because we know that ohms- 
per-mil-foot resistivity (k) and length (1) are 

proportional to R, while the CM area is pro- 
portional-to,.k, 


R= 


30. (0.08)(1.08) When we_increase the temperature of a five 
ehm copper coil by 20° C, we get an increase of 5x20x0.004 
ohms or ohms. A Common mistake is to use this 
increase as the final resistance value. However, this in- 
crease must be added to the original resistance. The new 
resistance value in our case would be ohms. 


38. (larger)(wire size or CM area) The formula to find the 
resistance of wires is easy enough to remember as long as 
we understand that R is directly proportional to the ohms- 
per-mil-foot resistivity (k) and the lenght (1), and that 
R is inversely proportional to CM area. The formula is: 
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7. (mils)(square) A wire with the diameter of 70 mils will have 
a cross-section area of CM. This was easy. Compare 
it with the computations necessary for square mil. You would 
have to take the radius (385 mils) to the square, and then ml- 
tiply by 3.14 (4), The result would be 3846.5 square mils, 
eenunnes somewhat smaller than that found for the circular 
mils. 


15.(1000) Different wire sizes can carry different amounts of 
current. However, the current-carrying capacity or ampacity 
ef wires is also determined by the temperature rating of the 
insulation, and the location and usage of the wire. The same 
wire has a higher ampacity in free air--where heat can get 
away faster--than when enclosed in a cable or conduit (pipe). 
In general however, a larger wire has a 


23. (directly) (inversely) Well, if it is so easy, why don't you 


write it down once more. Remember factors that are directly 
proportional to R must be above the fraction line, while 
those inversely proportional are below. 


RR = 


oie Cat koe LL you like formulas you can put the whole opera- 
tion into one (difficult to remember) formula: 


R._ is the resistance at the new temperature and R 0 is the 
temperature at centigrade. (T. - t. eis es tempera- 
ture , again in centigrades aad % is the tem- 
perature coefficient. When T, is lower than To we have a 
temparature decrease and also”a decrease in re8¥stance. 


ee (R= a ) The temperature coefficient tells us the amount 
of resistance change for every __ wot) iformoriginabpre= 
sistance (at 20° C) and for every es 


temparature change. 
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8. 


16. 


24. 


32. 


40. 


7 


(4900) If a wire consists of seven individual strands (diagram) 
and each strand has a diameter of 30 mils, we must first find 
the CM area for each strand, which 


is ————sC CMY: and then multiply 

by seven to find the total cross- 

section ae of the stranded con- . 
ductor. The total area is CM. 

(Return to page 2.) ware Soagee 


(higher ampacity) However, ampacity is not directly pro- 
portional to CM area. In larger wires the heat produced 

by the current cannot escape as fast, because there is a . 
larger mass of metal to cool off. Larger wires can, there- 
fore carry less amps per CM. A number .14 wire with thermo- 
plastic insulation is normally rated for 15 amps when used 
in a cable or conduit. A number 8 wire is six numbers less, 
and must have about four times the CM area. But we find that 
a #8 wire under the same conditions is rated at 

(less than/more than/exactly) 60 amps. 

(Return to page 2.) 


(R= ree When a copper wire is 100 ft long and has a 


CM area of 10,400 CM the resistance will be ohms 
(I hope you remember k for copper, if not, look in frame 21.) 
(Do your calculations right here)(Return to page 2.) 


aesaers tte te Re A ae er re Bem Coes = A nr NR 


(20°) (difference or increase) You don't really need to remen- 
ber a formula for the temperature coefficient, because the 
procedure follows a logical pattern. The temperature coeffi- 
cient tells us the amount of resistance increase for every 
original ohm times the degree centigrade increase. But you 
should remember the temperature coefficient for copper which 
is . (You used it in frames 29 and 30.) Semiconduc- 
tors such as germanium, silicon, etc. have a negative tem- 
perature coefficient. This means that the resistance decrea- 
ses when the temperature increases.) (Return to page 2. 


ranean ws SSS: a creat SS SI 


(ohm) (degree centigrade) Two constants that are useful to 
remember are the ohms-per-mil resistivity Conon copper 
which is , and the temperature coefficient for copper 


meawaes to Pere 40: (10.4)(0.004 or sometimes 0.00393) 
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APPENDIX B 


SUBTESTS, CONSTRUCTION MATRICES AND TEST INSTRUMENTS 
EOR SPREA Bol, POSTTEST, RETENTION TESL, 
AND QUESTIONNAIRE 


Basic Hiectricity Name: 
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Test #1 
Matter and Electricity 


1. 


je 


8. 


The normal charge possessed by an atom is 
A. positive. 

B. negative. 

Us eneuLral. 

D. either positive or negative. 


The two main particles found in the nucleus of an atom are 
A. electrons and neutrons. 

B. protons and positrons. 

C. protons and electrons. 

D. protons and neutrons. 


The nucleus of an atom is 

Ae positively charged. 

Be. negatively charged. 

C. neutral. 

D. .either positive or negative. 


The particles of an atom that move around the nucleus like planets 
move around the sun are called 

A. protons. 

B. neutrons. 

C. electrons. 

D. positrons. 


The proton has the following properties in an atom: 

A. a positive charge and a unit weight of one. 

Be a negative charge and a unit weight of one. 

C. no charge and a weight that is so small that it can be neglected 
in calculations of atomic weight. 

D. no charge and a unit weight of one. 


The neutron has the following properties in an atom: 

A. a positive charge and a unit weight of one. 

Be. a negative charge and a unit weight of one. . 

C. no charge and a weight that is so small that it can be neglected. 


D. no charge and a unit weight of one. 


Every electron has 

A. a positive charge. 

Be. a negative charge. 

C. a nucleus. 

D. a miniature solar system. 


Tron has the atomic number 26. This means that the iron atom 


normally contains 

A. 26 neutrons. 

B. a total of 26 neutrons and protons. 

C. a total of 26 neutrons and electrons... 
D. 26 protons and 26 electrons. 


° 
ov thane AG SwEiiaeq seides 
sdeneiq SMEL autor add bruwia Oven Teall aude py to osfatiieg 


dsliad 88 4g oS f = 
car is tol 
seneidosio 5 
senerislacg 
iMale nt ni atntageny pakeos(e? s2% aan novotq SAT 
trie tw low dial @ bots Optarld svistteog @ «A 
ecu tout iw tise. 2 boo: ovidegen g 8 
BeYoo (get od itoo Gf gets Lous og 2) Sendo (6 She ayers on 6t 
edripdaw 9 a Yo tachsinslen at 
s0nd “to dire oe bre sprors oa od 
ee ae oid ead pontusn off 
«on to | ovisicog a «A 
she taeigus od moo ti Sart [lems oF ae paew b hee ogteds_om 6 
+n: 30 iw & tin eypeio om: of 


2h abet 


a 


. 
fu 


& 


9. 


10. 


eS 


12. 


The 
Dae 


100 


element of sodium has the atomic number 11 and the atomic weight 
From this information we can conclude that the average sodium 


nucleus has 


Ae 


11 protons and 12 neutrons. 
23 protons and 23 neutrons. 
23 protons and 23 electrons. 
12 protons and 11 neutrons. 


Isotopes of chemical elements have 


A. 
Be 
C. 
D. 


the same atomic weight, but a different atomic number. 
the same number of protons, but a different number of neutrons. 


the same number of neutrons, but a different number of protons. 


a different atomic number and different atomic weight. 


Magnesium has an atomic weight of 24.31. The fractional weight .31 
is caused: by 


the average weight of several magnesium isotopes. 

a proton of .31 weight. 

a neutron of .31 weight. 

the additional weight of all the electrons in the magnesium atom. 


chemical characteristic of an element is deternimed by 
its atomic weight. 

its atomic number. 

the number of neutrons in the nucleus. 

the total sum of the protons and neutrons in the nucleus. 
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Basic Electricity Name: 
Test. eo 
Conductors and Insulators 


ille§ 


When an atom has more than two electrons the electrons arrange them- 

selves: 

A. all at the same distance from the nucleus 

B. in a number of different energy levels (energy bands) 

C. in the order of their electric charge (the weakest charge closest 
to the nucleus) 

yy. all “in one ‘circular orbit 


The electrons that are in the lowest energy level are: 
. closest to the nucleus 

B. farthest from the nucleus 

G, Of Higher electron spin 

D. of lower electrical charge 


When an atom becomes excited by heat or in some other way, one or 
more of its electrons: 

A. drop to levels of lower energy 

B. gain more electrical charge 

GC. jump to levels of higher energy 

D. become positive 


Which statement would best describe the shape of an electron orbital? 
A. The electron orbitals must always be circular. 

B. The electron orbitals are always perfect spheres or shells. 

C. Electron orbitals can have various different shapes and some have 
a directional arrangement. 

Electron orbitals have no definite shapes, but must hold some 
electrons of negative charge. 


oO 


An electron orbital in an atom can be occupied by not more than 
A, two electrons of opposite charge 
two electrons of opposite spin 
C. one electron at one time 
D. six electrons moving in three different dimensions 


In electrical terms metals are: 
As) conductors 

B. insulators 

C. electrically charged 

D. electrically inert 


To prevents the flow of electrons, 10 1s necessary to use: 
A conductors 

B. meters 

C lamps 

D. insulators 
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10. 
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The characteristic that makes some materials conductors and others 
insulators is 

A. that conductors have more electrons than neutrons 

B. that conductors have free electrons 

C. that conductors have positive electrons 

D. that insulators have no electrons 


Electrons in the highest energy bands of metal atoms are not very 
tightly held to the nucleus. They frequently jump to one of the 
neighboring atoms. These electrons 

Aa moltoteb tC, andelearescorrect 

Be Caniconduct relectrie current 

G. aretireecelectrons 

D. aré in the conductance band 


When a semiconductor material is heated, some electrons will move to 
a higher energy band. The material becomes 

Asvetalat of ByeCreandelD dre connect 

Be a béetversineulator 

G. a better conductor 

D. electrically charged 
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Basic Hlectricity Name: 
Test a3 


Dipabane Mleerrieity 


1. ouetierelectricityais referred to as: 
positive electricity 

B. negative electricity 

GRaieurrent telectricity 

Ds. electricity at rest 


> 


enw. Atipelectrostatictcharpetis: 
both G and D are correct 
neither C nor D is correct 
a lack of electrons 

a surplus of electrons 


eS) Qi ics) = 


3. An atom of sulfur has gained one electron so that it holds 17 electrons 
instead of the regular 16. This atom can be called: 
A a balanced atom 
Boy, esposi@naverion 
C. a negative ion 
D. a balanced ion 


A positively charged body has: 
A no electrons 

Be, avlackto&® protens 

C a surplus of electrons 

D a lack of’ electrons 


5. When a positively charged object is opposed by a negatively charged 
ObjeCu, bie OULCOME 1S: 


AP eoneavtractave porce 
B, a repulsive force 
C. an increase in the charges 
D. a build-up of current 
6. The materials that can hold electric charges include: 
AS 6hboth G and D 
B. neither C nor D 
Ce newilaters 
D. conductors 


When a charged object is discharged to ground it means that: 
he) bot Band C 

B. electrons have moved to ground from the object 

C. electrons have moved to the object from ground 

D. protons have moved from ground to cancel the charge 


eHettnoia Tf #hted 32 saad sciatic 
se wm 


Sh 


Ly, 


ial 


104 


In lightning electrons flow in the direction from 
A. both © and D are correct 

Bae nevther C nor D is correct 

GC. slouds to ground 

De sroundetoelouds 


The area surrounding a charged object is said to be under the in- 
fluence of: 

A. an electrostatic field 

B. an electrostatic discharge 

Cee" avdielectrifc ‘current 

Dra, dielectric discharge 


An electric force field is represented by arrows pointing away 

from a positive and toward a negative charge. These arrows rep- 

resenv: 

A. only the difference between the fields surrounding either 
charge 

B. the actual direction of the movement of the field 

C. the direction a free electron would move when placed in the 
field 

D. the constant movement of charges within the field 


A unit used to measure the amount of an electrostatic charge is: 
AS vhesiton 

BW the atom 

C. the coulomb 

yy sche? wolt 
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Basic Electricity Name: 
Test #4 
Electric Current 


1. Hlectric current in a conductor is best described as: 
A. a general drift of atoms from positive to negative 
B. a general drift of free protons from positive to negative 
C. a general drift of free electrons from positive to negative 
D. a general drift of free electrons from negative to positive 


2. When an electric circuit is compared to a pipe system, filled with 
water welectricecurrent should bes compared to: 
A. .the pressure 
B. the flow of water 
C. the amount of water enclosed in the total system 
D. the resistance offered by the pipes 


3. When a textbook uses the direction of current flow that is the 
same as the direction of electron flow, this direction will be: 
A. from positive to negative 
B, from negative to positive 
C. clockwise in a circuit 
D. counterclockwise in a circuit 


4. The following conditions must exist before an electric current can 
flow. There must be: 
A. a complete conductive path and an electromotive force 
B. an electromotive force and an open switch 
CG. a conductive path and a closed switch 
D. a resistor and an open switch 


5. The unit for measurement of electric current is: 


A. the volt 

B. the ampere 
C. the ohm 

D. the coulomb 


6. When three coulombs flow past a given point in one second, the 
current will be: 


Ne 1/3 vane 
eee NZbItNS) 
Gee oe amp 
Dey so amp 


7. Which of the following meters 1s connected correctly to measure 
phewcurrenw 10 Lae circu: 


A. meter A 

B. meter A and B B 
'C. meter C 

D: 


lamp C 


meter B or D 
battery = @ 
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The current in a circuit is measured to be 10 amps as it leaves 
the battery. The current in the other parts of the circuit: 

A. will be zero 

B. will be the same anywhere in the circuit 

C. will become gradually lower toward the end of the circuit 
D. must be measured independently from the first meter 


A certain number of electrons enter a circuit on the negative 
end, on the positive end: 

the same number of electrons will leave the circuit 

the same electrons that entered will leave the circuit 
fewer electrons will leave the circuit 

no electrons will be left since they have been used up in 
Loe crrecu1y 
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Basic Electricity Name : 
Test #5 
Electromotive Force 


is »When an electric circuit is compared to a pipe system, the emf 
should be compared to: 
A. the rate of water flow 
B. the pressure 
C. the total amount of water in the system 
D. the speed of the water flow 


Ao wl ne Unit tor. ent. is 
A the volt 

B. the ampere 

C the ohm 

D psi 


3. elhe symbols for emf is and for current is 
1g Sch are lem 


4. When the emf in a given circuit is increased three times, and 
resistance is unchanged, the current will be: 
ews othe ona cene |) 
B. unchanged 
G. 3 times the original 
D. 9 times the original 


5. threes .5evol. dry cells ‘are connected in series as shown. The 
total emf between A and B will be: (Check the diagram carefully!) 


hae espe VOlUS 
ion uote Nemes |e eee 
Dw eso VOLES 

6. Three 1.5-volt dry cells are connected in parallel as shown. The 
ae a A and B is: a fies 


Bo 125 volts eonee 
CP SR Ok aidoniners A aaa B 
De eS vols aise 


7. nother term that could be used in place of emi is: 
pipe OGRE Kenike dey ol Ciammrc wale Ga 8) 
B. voltage 
C. potential 
DD. spotentas! difference 
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A given de circuit has a current of 30 amps when the applied 
voltage is 120 volts. When the voltage is reduced to 80 volts, 
the current will be 


A. O amps 
B. 20 amps 
C 30 amps 
D LO amps 


The relationship between emf and current is: 

A inversely proportional 

B. indgrectly proportional 

C emf is proportional to the square of the current 
D directly proportional 


An emf can be present: 

fo.) Only, tinea carcua, thay Ts ycompletely convanuous 
Bo onlyein a circuit thab has a current flow 

C. only when a voltmeter is connected 

De wWienou, the conditions siven in a, b, and. c 
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Basic Electricity Name: 
Test #6 


Resistance 


1. The symbol for resistance is: 


eee 
Biweel 
Oe) oh 
DD; G 
2. The unit for resistance is: 
A. volt 
B. ampere 
C. ohm 
D. mho 
o.) Une symbol Tor sohm is: 
iret 
Beet 
ey at 
D fe) 


4. The resistance of insulators is: 
Ay very high 
B. low 
C. zero 
D. changing with current flow 


5. The resistance of good conductors such as copper is: 


Ae very hagh 

B. very low 

(ea) Zero 

D. changing with applied emf 


6. When the resistance in a circuit is increased five times the 
current will be: 
A. increased five times 
B. decreased to one fifth 
C. unchanged 
D. decrease to zero 


7. in an electric circuit resistance and current are: 
A. directly proportional 
B. inversely proportional 
C. not proportional 
D. proportional to the square of each other 


8. The wt for conductance is: 
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The unit for conductance is: 


Ae) ohm 

BD, -emno 

C. conductence 
D ampere 


When the conductance in a circuit is 1/10 mho its resistance 
wil Lebe : 

A. 1/1080hm 
By aol 

C. 10 ohms 
D. 100 ohms 
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Basic Electricity Name: 
Test #7 
Ohm's Law 


1. Which of the following statements is correct for the relationship 

among current, emf, and resistance? 

A. Both C and D are correct 

B. Emf is directly proportional to current and inversely propor- 
tional to resistance. 

C. Current is directly proportional to emf and inversely propor- 
tional to resistance 

D. mf is directly proportional to current and resistance. 


2. Which of the following procedures can be used to calculate the 
resistance of a load? 
A. Both B and C can be used. 
B, Divide the current through the load by the voltage across the 


load. . 
C. Multiply the current through the load by the voltage across 
the load. 
D. Divide the voltage across the load by the current through the 
load. 
3. Which of the following choices shows all three forms of Ohmts Law 
correctly? 
Ais eee tile ag me is eel, 
R R E 
eee ee Sh aloo es ait eee, 
if 
Cee 8s RL 
R R 
Dee ee ia es a 
R i 


4. When a current of 4 amps flows through a resistance of 10 ohms, the 
value of the applied voltage must be: 


Ae HO vols 
Baw 25 vols 
Cea sl vO LEs 
De vee> vole 


5. When &@ potential of 10 volts is applied across a resistance of 5 
ohms, the current in the circuit is equal to: 
A, 15 amps 
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6. 


10. 


ie 


A lamp is connected to 110 volts and draws a current of O.9 amps. 
What is the resistance of the lamp? 

ieee e ee Onms 

Be i2.2 onms 

Co OS0S ohms 

DS O7008 ohms 


The current in the circuit below is: 


A.” (,2 00 amps 

B. 7.25 amps fi 

Ge 2.5, “amps i =135 v= it = 50 ohms 
Dee 1S bye | 


amps 


tl 


The voltage in the circuit below is: 
Ae 16725 volts 
Bae oo VO Lts 
Ga (20 Volos a 
D f 


0 
3000 volts ae 


The resistance in the circuit below must be: 
-33 ohms I = 36 amps——-> 


IN 

Bo 3:0 "0nhms 

Ce 30) olms J a. sn lie 
De 1.32-ohme H=1e ae : : 


A current of 8 amps flows through a resistor of 20 ohms. It is 
required to keep the current at the same value when the applied 
voltage is doubled. In order to do that, the new resistance value 
must be: 


A. 1O ohms 
Be 20 Oolime 
C. 40 ohms 
D. 80 ohms 
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Basic Hlectricity Name: 
Test #8 


Large and Small Values 
1. One megohm (M ) is equivalent to: 


A. 1/1000 ohm 
Bae 0/1, 0005000, ohn 
C. 1,000 ohm 
D. 1,000,000 ohm 
2. One milliamp is equal to: 
A. 1/1000 amp 
B, . /1,0005%.000 amp 
C. 1000 amp 
D. 1,000,000 amp 


3. One hundred millivolt is the same as: 


hi. ~~OOCOL volt 
Be eee OL iene, 
Ga anol vot 
1 eal OL 
4. One thousand microamp is the equivalent of: 
‘ie amp 
Be mi vamp 
C. .OOO0001 amp 
D. .OO00001 amp 
5. 50 kilo-ohm (kS%) is the same as: 
i 205. ohms 
B. 50> chic 
G. 507000 ohms 
De) dOFO0C, O00 ohms 


6. 35 microamp is equal to: 
Sok ioe amp 
Cviom ee 1074 amp 
3.5 x 107? amp 
BD. X 10-6 amp 


ls) ey lus) pe 


7, Which of the following values should not be used directly (without 
conversion) in an Ohm's law formula? 
A. volts, amperes, and ohms 
B. milliamps, microamps, kilo-ohms 
C. 1073 amps, 10-° amps, 103 ohms, etc. 
D. .001 amps, .O000001 amps, 1OOO ohms, etc. 


8. ee equal to: 


(on aes 
Be alo? 

Cie BO=4 
D 10r? 


OG 


li. 


ies 


13. 


2.6 x 10° is 
WEP “96 5000 
B. 260, 000 
C. .000026 
D. .0000026 


10° is equal 
is eal 6 
oF 80 
a Domain 
D an undefi 


A value such 
a Neer x. 10 
leh wee ewes 

C Sys eg Ke) 
D ee 


A resistor of 
in the resist 


A. 2x 107 
B. 2x 1071 
Ge em a6? 
py 28 Gol 


A current of 

ohms. The vo 
A. 500 volts 
Be 50 volts 
Ga SF VOUns 
ry RCS 
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equal to: 


1GKOLE 


finity) 
ned value 


as 525 x 102 is more commonly expressed as: 


50 kilo-ohms is connected to 100 volts. The current 
OW US; 
amps 
amps 
amps 
amps 


50 microamps is measured in a resistor of 100 kilo- 
ltage applied to that resistor is: 


‘an c62 Tae XI TAG), 2a 
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Basic Electricity Name: 
Test #9 
Series Circuits 
1. If a circuit is constructed so as to allow the electrons to follow 
only one possible path, the circuit is called a/an: 
A. series-parallel circuit 
B. incomplete circuit 
Ue sericercirault 
De eparaliel circuit 
2. ina series circuit of three resistors, the amount of current flow- 
ing in one resistor: 
A. depends upon the resistance of that resistor 
B. depends upon the position of that resistor 
C. is the same as the current flowing through the others 
D. is differént from the current flowing through the other resistors 
unless all resistors have the same resistance. 
3. The voltage drop in any resistor is equal to the: 
A. Current ytimes the resistance 
B. resistance times the emf 
GC. emf divided by current 
D. emf divided by the resistance 
4. Kirchhoffts voltage law can be used to find 
A. the total emf in a series circuit when the individual voltage 
drops are known 
B. the total current in a series circuit when the individual 
currents are known 
C. the total emf in a parallel circuit when the individual volt- 
age drops are known 
D. the emf across any one resistor when the resistance and the 
current of that resistor are known. 
5. The total resistance of a series circuit is equal to the: 
A. equivalent resistance squared 
B. product of the individual resistances 
C. sum of the individual resistances 
D. reciprocal of the sum of the individual resistances 
6. Ina series circuit with 3 resistors of 3, 4, and 5 ohms, the 
total resistance is: 
Ao see Ohms 
B. 6.2 ohms 
Ge SUZ ,0nns 
De L2sohns 
7, With a 4 ohm and a 2 ohm resistance connected in series across a 


12 volt battery, the current flow is: 
6 amperes in the smaller resistor 
3 amperes in the larger resistor 
- 9 amperes through each resistor 
2 amperes through each resistor 
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The currentvin the circuit below is: 


Aygo amps NA 
B. 1O amps | By=25 Ms 
CG. 12.3 amps ¢ 
Ds 


16 amps H,=120 v= eRp= 9 ohms 


The voltage drop V5 ani thes resistor. R,, 

A. bw Si] 
a Toy | R ‘05 ohms 

Gs 

D. 


LOOv B, =125 —— SR, =600 ohms 
2 
ba TR R,=300 ohms 
lsd lary 


Three resistors of 50 ohms, 60 ohms, and 110 ohms are connected 
in series across 440 volts. The voltage across the 60-ohm resistor 
iS: 


Ao BOpvolts 
B. 0s volts 
GC. “20% volts 
Dea 220 rots 


omit i ». 


i a neh a s , 
arr \_ & hd —=>vV cle a 
1 emda "iss : 
— a mang es 4 ” _ a 
: : a “tt 
Heinen (52 (Emi il ” | Gaile Y vio Ce % arias pide aa 3S 
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Bae Ca ilecumicity Name: 
Test #10 
Parallel Circuits 


1. For all branches of a parallel circuit 
A. all voltages are always equal 
B. all currents are always equal 
C. all resistances are always equal 
D. the individual voltages are inversely proportional to the 
resistances 


2- lm a Sparaivel circuit, the ‘current 
A. is greatest in the highest resistance branch 
B. in each branch is added together to determine the total current 
C is the same at all points, or through all components 
D. is inversely proportional to the source voltage 


3. What is the total current in the circuit below? 
Hn eA ene Sic a 
Bae Pe Ss 3 : 2 
Gros = I,=4 as 1,=205 ae I,=6 eh 
Dee 2 a + 3k 7 


4. In a parallel circuit containing a 4 ohm, 5 ohm, and 6 ohm resistor 
the currentwiilow is 

lowest through the 4 ohm resistor 

highest through the 4 ohm resistor 

. highest through the 6 ohm resistor 

equal through all three resistors 


Sher ss p= 


D. inva group of resistances connected in parallel as part of a -cir= 
CUaG? 
A, the greatest resistance has the greatest current 
B. the greatest resistance has the greatest potential across it 
C. the least resistance has the least current 
D. the total resistance is less than the smallest resistance 


6. Which two formulas are correct for finding the total resistance of 
two resistors in parallel? 
Aap eee dio. 5 re Ha eee 


Rye ee 

Bema oe ea toys) | 
R, + Ro Re Ry Rp 
apenas) i =) ae 
Ds ee welis. «5 te col sage ky 9S 
Ryan Ry Ro 


# 2.40 
1008 teoin aetn Med Lane a ale hi Le Sobedinalan bre 1 allan ee: ie 


\ 
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stheotay og sastiyid 
ot ae fesilg it “5 
peat erty , leupe : 
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10. 


A 36 ohm and an 18 ohm resistor are 
combined resistance is: 


AMiei2 ohms 
B. 1S ohms 
C. 36 ohms 
D. 54 ohms 


The total resistance of 3 resistors 
connected in parallel is: 
AS 1.2 ohms 


B 1.98 ohms 
G. 62) ohme 
D 13.4 ohms 


Six 300-ohm resistors are connected 
ance of this connection is: 

Aan wO2eohns 

By. -509,ohms 

CG. 300 ohms 

D. 1800 ohms 

What is the total resistance of the 
A. .1625 ohms 

B. Mayas (2eolms 

C. 
Bs. 


118 


connected in parallel. Their 


of 2, 4, and 8 ohms resistance 


in parallel. The total resist- 


circuit below? 


12.5 ohms — R,=25 eet Ry=15 anes: 


@) ohms 
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Basic Electricity Name : 
Test #11 


Wiretoizes: Resistance, Temperature-coefficient 
1. Of the following, the best conductor is: 


A. aluminum 
B. copper 
G meezoiid 
ae siliver 
2. <A #6 conductor is: 
A, smaller than a #14 conductor 
B. larger then a #14 conductor 
C. double the area of a #3 conductor 
D. half the area of a 79 conductor 


3. A number 10 wire has a cross-section area of 10,000 CM. A number 
16 conductor will have a cross-section area of: 
WAT LLOA000. CM 
ae 5,000 CM 
C 2,500 CM 
D 1,250 CM 


A mil" when used for electrical conductors, means: 
A one-thousandth of an inch 

B. short for a mile 

C the diameter of a conductor 

D. unit of measure 


In a length of wire, the resistance is: 

A. proportional to the length and unaffected by the cross-section 

B. inversely proportional to the length and cross-section area 

C. directly proportional to length and cross-section area 

D. ‘directly proportional to the length and inversely proportional 
to the cross-section area 


6. A wire has the diameter of .05 inch. The circular mil area of this 


wire is: 

AS 0250, 000 CM 
B. 2,500 CM 
Cre ae el 
Ds 20025 CM 


7. A copper wire of 5,000 CM area is 80 feet long. Its resistance is 
(K for copper is 10.4): 
A. i.6° ohms 
B. 1.66 ohms 
C. .416 ohms 
Dee 66 ole 
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A copper conductor of 4,160 CM is 200 ft. long. The resistance of 
the wire is: 
he Oe so ohms 


B 0.50 ohms 
G... 0.95. ohms 
D. 3450-ohms 


A heater coil with 20 ohms resistance must be wound from a resist- 
ance wire that has 1,300 CM cross-section area and a k-factor of 
520. What length is required? 


Ba 2s 
Beg) plate 
Ga 2a 
De SO rite 


The field coil in an electric motor has 120 ohms resistance at 20° C. 
After the motor operated for some time, the temperature increased 

to 50° C. The resistance of the coil will now be (temperature 
coefficient for copper is .004): 

A. 14.4 ohms 

Ba likh.2 ons 

Ge tz), ohms 

DR si ohms 


The resistance of a copper coil in a transformer is measured at room 
temperature (20° centigrade) and found to be 10 ohms. After the 
transformer has been operating for several hours, it is removed 

from the circuit and the same winding is measured again. The resist-—- 
ance is now 11.6 ohms. These measurements enable us to calculate 
the temperature that the winding has after the transformer was 
operating for several hours. (Temperature coefficient for copper 
00d). 

A. 40° centigrade 

B. 60° centigrade 

C. 66.7° centigrade 

D. 290° centigrade 
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Basic Electricity . Name: 
Test #12 
Series — Parallel Circuits 


Ike 


Which one of the circuits below is a series-parallel circuit? 
fhe P— _ -~>NMAY @ ——" AAV 
pe, Aas Grtescr| 


is 
YY, AprrAhy—0 


G--aeINN — NNN 

Pa et I ; ee * Adi Shas 

NANA ANNAN 

In a circuit below the connection of resistors is the following 

A, All resistors are in parallel 

B. Series connection Rj, Ro is in parallel with Re, and this 
connection is in series with R 

Cs Ry, ReyeR. are in parallel and this parallels cormecuion is in 
series with Ry, 

D. The series strings R,, Ro and Rg, Ry are in parallel with each 


other Slag Gropie, Or pad 
ipa cere Fp 
@ a 
Three resistors of 300 ohms each are connected in parallel. This 
parallel connection is in series with a 200-ohm resistor. The 
total resistance is 


A. 100 ohms 
B. 120 ohms 
Gre S00Rohms 
D 1100 ohms 


In order to find the total resistance for the circuit below, we 

must 

A. first find Ro + Rg, then find the resistance of the parallel 
connection of Rg + Rg with Ry and add Ry 

By “first find the*value of *the* para ltebreonnection Rg +R add 
Ro and then R7 

C. add Rk + Re and R, + Rk, and calculate these values in parallel 

D. add all resistance values ; 


The total resistance of the circuit below is 


72 


AS 

B. 60 

Gy AG 

De ie oN 
12 ohms 


ie), ohms 


PAL Ae 


24 ohms 


pagenpeaeinnane ane 


AM 
12 ohms 
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ee 


The total resistance of the circuit below is 


Pet193 A AY $A 

Be) 323 pee 200 ohms 300 Ohms 
C. 340 ME Too ome 

De 350 Pe 


400 ohms 
The current in R3 is 15 ae Le is the current in Ro? 
A, 15 amp : 
B. 10 amp 50° ohms 
Ge 5 amp R=20 ohms ohms 
D. O amp 
R=25 Ohms 


The current flow in Ry is 


SON ohms 


Aan oeOr any AWN, 
B. 1.0 amp R,=10 ohms R5=10 ohm 
C ~33 amp & 
D. .272 amp tm 
EB sh volts 


The total line voltage drop in the power line below is 2.5 volts. 
What is the voltage across the cs 
A ee) VOLES 

Ba 21725 volts 

Ci 120s. wolts By=120 v [ | lamps 
D 


el 22, voliuc | 


Each lamp draws a current of 2 amps. The voltage at the lamp termine 
als is 117.5 volts. What is the voltage at the source? 


A, ells. 7 volts $= 

B. 118.1 volts | O.1 ohm | 

GC. 117.5 volts Ee ? = @) lamps 
We wli6.2 volts SSS — 


In the circuit below, when the motor draws 10 amps and the lamp 
draws 5 amps, what is the voltage at the lamp terminals? 
Ret t20 8 


INLINE Ne a 


WN 
0.05 ohm 0.01 ohm 
What is the voltage across the resistance banks when each resistor 
in the banks is 100 ohms? AAS 
ie SRG ‘i 1.5 ohms Sates 
Bs eal: 
4 ¢ esistance 
i, = 


C. 23 
D. 20 
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In the circuit below, the voltage drop across the 3-ohm resistor 
is: 


A. 60.96) volts Tatas hee ine 

ry A Pe enh : S 

Gee een livolts Dey <6 ohm <3 ohms 
Dh, @ahecvolts t HV ark: 


AV WAV 


4 ohms 1.5 ohms 
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Basic Electricity 
Test #713 


Wheatstone Bridge and Three-Wire Circuits 


1. One application for a Wheatstone Bridge circuit is for accurate 
A. measurements of emf 
B. measurements of current 
C. measurements of resistance 
D. measurement of stresses in bridge installations 


2. The measurement in the Wheatstone Bridge is done by accurate 
A. ratio-comparison between three known and one unknown resistor 
B. measurement of emf in the unknown resistor 
C. measurement of current in the unknown resistor 
D. measurement of the current flowing in the galvanometer 


3. A wheatstone Bridge is balanced when 
A. both B and C are true 
By “ChemralRoenp =o Tsstrue 
FR 
C. there is no current flowing in the galvanometer 
D. the unknown resistor is zero ohms 


4. When the bridge is balanced the value of the unknown resistor 


ha must be fee 2qcnoee Ress al 
* 555°ohms 1 oO 

B. 445 ohms 

C. 1000 ohms ene ee 

D. either 1000 ohms or 445 ohms ho = 1000s R= % 


ee a 
5. For the bridge*to be balanced, wie ee Ue of the unknown resistance 
Ry must be F Si00ge ee Rae | 
A. 0.635 ohms : | 
By 6,35 Ohmea 
Gaar635 Wohne 
D. 63500 ohms 


6. Which of the following statements are true as advantages of a 115/ 
230 v three-wire supply system over the ordinary 115 v two-wire 
system? (i) It can deliver both 115 and 230 volts. (44) There 
is usually a lower voltage drop in the supply lines. (Jia) it 
requires less copper (less cross-section area) for the same amount 
of load. (iv) It requires less insulation for each individual 
wire. 

aieot 1G), (45,), (aa), and(Gv) aretirue 

only (1), (1i)84(iii) are true 

. only (i), and (iv) are true 

e) only (i) “and (111) are true 
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8. 


9. 


10. 


11. 


In the 

A. 12 amps 
Be 9 amps 
C. 6 amps 
D. 3 amps 


three-wire system below, the current in the neutral is 


z5 7 aoa meee Oa BL 


—. 


ot 
| 


a 


In the tree-wire circuit below, the current flow in the neutral 
(consider current flow from neg. to pos. 


will be 
will be 
will be 


cannot be determined from = 
the given information + |. 


from left to right aot rE: load 1 
from right to left Wolya4 a 


hehe A | load 2 


Lp=i2 
\@ 2 12 a 


One wire in a standard 115/230 v three-wire circuit is normally 
grounded. 
the negative outside wire 

the positive outside wire 
either one of the outside wires 
the neutral wire 


Ae 
Be 
Ce 
De 


The grounded wire is normally 


In the three-wire circuit below, the voltages at the loads will be 


B =115 Vv 


2 


By=1l5 v = : R,=20 ohms 
f load 2 


Ape roads iss bi 3 60 we bOad sti 5u Vv 
Bey eeoeds b:9113.0 Vv, load 2r 1i.5 7 
Cw) Joad 1: 114.0 v, loadi2:s 113.5 -v 
DemerlOods slp OV, 10ad etal tea y, 
sii a Q.1 ohm $ oad : 
ae es Tj=15 a 
ae sm O.1 ohm iad 2 
By aah -I5=10)4 
[2G Se 
O.1 ohm 
When in the three-wire circuit below, the neutral wire is accidentally 
opened, the voltage at load 1 
Aw willebe 1i5¥ yolts 
B. will be higher than 115 volts 
C. will be lower than 115 volts 
De wil be 


ZeELO  <——$ 
| load 1 


i= 10 ohms 


a 
a 
4 
F 
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Basic Electricity Name: 
Test #14 


Voltage Divider Circuits 


1. A voltage divider is basically a connection of 


A. two or more resistors in parallel 

B. ' two or more resistors in series 

C. one or more resistors in series with a load 

D. one or more resistors in parallel with a load 
2. The emf between points B and C in the diagram is 

iM, nly ov Pali A 

B.S eeO a, = R,=300 ohms 

Cc. 60¥ BE, =120 v= {3 

i), LO v 


: | ¢ 24,2150 ohms 
| a 
yu 


3. In the voltage divider circuit below, the emf between points B 


and. Cas A 
etme Liar © pe 
B. 13.5 ¥ . s 8, 52 ohms 
aie mh Me t3 
j . R,=78 ohms 


\% 
(>) 


4h. In the divider circuit below the voltage between G and C is 
v, and between G and B it is Ve 


Oy ei) SA 

Pep ema 00 <  R,=200 ohms 

c Oe 250 . rs; 

i ale ease B,=250 v= g R=300 ohms 
ae 
e  &,=500 ohms 
ar 3 


5. When a load is applied to a voltage divider circuit, the voltage 
at the points where the load is connected will 

drop to zero 

decrease 

remain exactly the same 

. increase 


[S! Ger loo) es 


6. The emf between points B and C in the voltage divider circuit below 
will be volts with the load connected. 


Ae LOO y. eee A 
50 v $ 


e 


B 
Cs LO v s 
Ds Ov L 
i, =100 vi é reload 


< = 8, =2000 ohms 


20 See eee eae 
C 
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—— “fg ornes' Stet wis LBW _ 
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In order to make a voltage divider circuit, such as the one shown 
in the above problem, more stable (so that it varies the voltage 
less when the load is varied) it would be necessary to 

use lower ohms values for the divider resistors R] and R2 

use higher ohms values for the divider resistors Rj and Ro 
use lower current in the divider part of the circuit 

- reverse the resistors Ry) and Ro 


GaW SS 


When a voltmeter is connected to a voltage divider circuit that 
uses high resistances (low currents) the reading may be affected 
by the loading effect of the voltmeter. This loading effect will 
be smaller when 

A. the voltmeter has a very high internal resistance 

B. the voltmeter has a very low internal resistance 

C. the voltmeter uses relatively large measuring currents 

D. a milliampere meter is used for this measurement 


In the potentiometer below the slider is set so that there is 1, 250 
ohms between point A and point S. The total resistance of the 
potentiometer is 5,000 ohms. What is the emf between point 5 and 


B? : ate ae Me eae 
Ae Vv i g 
Bye 16 oF EB, =24 v= aca 
G3 6v t ES = 
D OF | S 

vas: 


The instrument represented by the diagrams is called a 
Ae both’ B-and“C\ are correct 
B. rheostat 

C. variable resistor 

D. potentiometer 


“Taye ws * 
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Basic Electricity Name: 
Test #15 
Electric Power 


1. Chemical Energy is converted to Electricity by a: 
A. generator 


B. thermocouple 
C. “photocell 
D. battery 


2. Power is described as the rate at which 
A. work is being done 
energy is being used 
C. energy is being expended 
D. all of the above are correct 


3. Resistance in the power formula equals: 


A. R= L/P 
B. R= E/I 
Co hs. Pah 
De Rn ae 

P 


4. If the resistance is held constant, what happens to power if the 
current is doubled? 
A. Power is doubled 
Bs Power te multiplied by} 
C. Power is halved 
D. Power is divided by 4 


5. lf the resistance is held constant, what is the relationship be- 
tween power and voltage in a simple circuit? 
A. Resistance must be varied to show a true relationship 
B. Power will vary as the square of the applied voltage 
C. Voltage will vary inversely proportional to power 
D. Power will vary directly with voltage 


6. What current will be drawn by a soldering iron which has a rating 
of 600 watts at 110 volts? 


h 20,082 <a;. 
eo ory Ne tomacle 
Geiss 200-4. 
D. 66.000 a. 


7, When 0.25 amperes flows through a 1000 ohm resistor the power 
consumption is: 
A. 6.25 watts 
By 62> watts 
Gat 6255 wavls 
D. 250 watts 


- a i -_ a 7 
rafteps efit wewoq add wd sormmseteeh 10) 
™ <4 — o “ : 


eae . 
T~ =e 


rr} « 
aid “li aeweq ied aiamual yéiw udtemps biSd ep éenegeteer ett 31 A 
Sbheldueb ab saewms : 


i] 
Sow behigeetum et rewot 42.9 
. Gena at ewe ad 
b Go behivih 2% tewol 


-od qtteneltaies oft ai dud . deBduboo ble st epaetedges oft 9T- st 
| Tfluetis efgels 8 ch syeiiev tee ys] meows 

qiimiotvelsy agit ¢ wore of better ed detm socvstetesh Ak = 

euaiioy teifqde olf te. oie ota es yaav (itw rewol 4G : 

quam ot Ianotvengoy yloriatnd quer Lldw sgatloV «oO 

eqndiev wlw ybtenmilh gtsy iliw tewol 0 


. 
oo 
-@ 


5 | 
anives e aad ibivte yok gnivsbles « yt awhsh od Tliw snevwo ted a 
| fariov GLl te =ew O08 to, 97 

ry sar.o af e 


| | y a ae : : 
ih #4 oe, a a ' 


a _ ; an 


ol 


Si 


9. 


206h 


ds 


129 


The power consumed by a 50 ohm resistor connected to a 150 volt 
source is: 


Ad oO watte 
B 15> watts 
C.9) 300: watts 
D 1 50 owatts 


What is the maximum current that should flow through a 500 ohm, 
20 watt resistor? 

A. 0.02 amperes 

B 0.04 amperes 

C. O.2 amperes 

D 2D amperes 


What is the total power loss in 2 RR wires (R] and Ro) in the 


circuit shown? iv R,=0. 15 ohms 

A. 1.2 watts =. Load 

Be 62 eawacne a +1 I,= 8 amps 
Go. 9.6 watts las SYEROT | ‘ 
Deel swabs R,=0+ 15 ohms 

In the circuit shown below, find the Power _ dissipated by Ro. 
he BOswati~e La “y= 120 BAS 

B. 20 watts | e 

C. 25 watts i, =100 Via oi= ? 

D. 55 watts wip a ae f 
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Basic Electricity Name: 
Test #16 


Electrical Energy 


Ee 


Mechanical energy is converted to electrical energy by: 
A, a transformer 

B. a generator 

C. a motor 
D 


When current flows in the line wires between an electric generator 
and a load, some electric energy will be "lost" due to the resistance 
of the line wires. This energy is not really "lost" but merely 
converted into: 

A. voltage drop 

heat 

magnetism 

mechanical energy 


Siren 


A generator in a power plant delivers 950 amps at 13,000 volts. The 
power produced by the generator is: 

A. 12.4 mega watt 

B. 8.75 mega watt 

Che Gybteki Lol watt 

Dee” 1IBkO\ watt 


A 100-watt lamp is left on for 24 hours. The amount of electrical 
energy used in that time is: 

4.16 watt—-hours 

24 watt—-hours 

2.4 kilowatt-hours 

2400 kilowatt-hours 


Se th 


A 1.5 kw electric kettle is left on for 40 minutes. The power 
company charges 3 cents per kilowatt-hour. What is the cost of 
the electrical energy used in that time? 

fie tee ¢ 

pees ¢ 

Gat Hee 

D. $1.80 

A 1200-watt toaster is used for 5 minutes every morning for one 
month (30 days). The cost for one kilowatt—hour of electrical 


energy is 2.5 cents. What will be the cost for operating this 
toaster for one month? 


A. 7.5¢ 
B. 18¢ 

C. 62.5¢ 
Dye 63275 
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The joule is a metric unit of energy. It is»equal to: 
one kilowatt 

B. one kilowatt—-hour 

C. one watt-second 

D. one milliwatt 


> 


Electrical energy can be converted to almost any other form of 
energy, e.g. light, mechanicaleenergy, heat, radiation, etc, 
Among the more commonly used electrical appliances the ones that 
use the most electric power are usually the ones that convert 
electrical energy into: 

A. heat 

Bee ivent 

C. electromagnetic waves 

D. magnetism 


A 220- volt hotplate is used to heat one gallon of water to the 
boiling point. The hot plate draws 5 amperes current (at 220 v) 
and it takes + hour to heat the water to the boiling point. On 
another occasion the same hot plate is used on a 110-volt supply. 
How long will it take now to heat the one gallon of water? 
(Assume that the heat losses due to radiation and evaporation do 
not change, i.e. the same amount of energy is necessary to heat 
the water. Also assume that the resistance of the hotplate has 
not changed. ) 


fA ies 
B. 2/2ehr. 
Ge.) 3/henr. 
Db}. O1 laine 


Which of the following sets of measurements could be used to de- 
termine the amount of electrical energy used? . 
A. emf, current, and resistance 

B. emf, current, and time 

C. resistance, current, and power 

D. emf, current, and power 
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Basic Electricity Name : 

Test #17 

Batteries 

1. Ina sulfuric acid solution, (H2S0, + H20), the SO), will chemically 


dissociate. i.e., it will break up to form ions. In this process 
the hydrogen will lose electrons while the SO), part will gain 
electrons. The ions formed are: 

negative hydrogen ions and neutral SQ, ions. 

positive hydrogen ions and neutral SQ, ions. 

negative hydrogen ions and positive SQ, ions. 

positive hydrogen ions and negative SQ) ions. 


SGo at a= 


Electrolysis is the process where: 

A. anemf is generated by a chemical reaction. 

B. a current is created by a chemical reaction. 

C. a chemical compound is permanently split by an electric current. 

D. a chemical compound is dissociated into positive and negative 
ions. 


In electroplating the positive silver ions will be deposited on 

the electrode that is connected to the: 

A. positive side of the power supply. 

B. negative side of the power supply. 

C. electrode made of made of material with a higher chemical 
affinity to silver. 

D. carbon electrode. 


In a battery, chemical action will cause the positive plate to: 
A. gain protons. 

B. lose protons. 

C. gain electrons. 

D. lose electrons. 


Corrosion of machinery and installations is usually worse when 
moisture is present and when: 

A. the temperature is low. 

B. there are two surfaces of dissimilar metals in contact. 

C. oil is mixed with the moisture. 

D. there are two surfaces of the same metal in contact. 


An electrochemical cell in which the reactions are not reversible 
(that cannot be recharged) is properly called: 

A, a dry cell. 

B. a secondary cell. 

C a wet cell. 

D. a primary cell. 


The purpose of manganese dioxide in a dry cell is: 
A. to absorb the electrolyte. 

B. to prevent corrosion. 

C. to reduce polarization. 

Do bone BAG. 0 are. true. 
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What is the most important advantage of a typical lead-acid 
storage cell when compared to an ordinary dry cell? 

A. It produces a higher voltage. 

B. It can deliver a higher current. 

C. It can store more ampere-hours. 

D. It can be recharged. 


A storage battery that is superior in mechanical strength, low 
water consumption low internal resistance, and low general main- 
tenance is: 

A. the nickel-cadmium cell. 

B. the Edison cell. 

C. the lead-acid cell. 

D. the Daniell cell. 


The ampere-hour rating of a storage battery is based on: 

A. the discharge current times hours, based on a 20-hour discharge. 

B. the amperes and the hours required to charge the battery to 
full scapacisy. 

C. the amperes times the hours that the battery can deliver. 

D. the discharge current that the battery can deliver for one hour. 


storage battery of a certain ampere-hour rating delivers: 
less energy when the discharge current is high. 
more energy when the discharge current is high. 
approximately the same amount of energy on a high or low dis- 
charge current. 
less than the rated energy when discharged over a period of 20 
hours. 


QW fr & 


Oo 


A car battery is rated at 60 ampere-hours. When this battery is 
used at zero degree Farenheit the actual capacity will be approx- 
imately: 

A. 96 ampere hours. 

B. 60 ampere hours. 

C. 2h ampere hours. 

D. O ampere hours. 


To test the exact condition of a battery it is desirable to measure 
the terminal voltage with a normal load current flowing because: 
the terminal emf will increase with load due to polarization. 
B. the terminal voltage will be zero unless a load current flows. 
C. a load current will start the chemical reaction and this will 
increase emf. 
D. there will be an internal voltage drop due to the resistance and 
the load current. 


. The terminal voltage of the battery in the diagram below is: 
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Basic Electricity Name : 

Test #18 

Magnetism 

1. How do magnetic material differ from nonmagnetic materials? 


A. In magnetic materials all orbitals that contain only one elec- 

tron are lined up in the same direction. 

Magnetic materials form domains. 

In magnetic materials all electrons spin in the same direction. 

- The nuclei of atoms in magnetic materials have magnetic north 
and south poles. 


Sy) i185) 


The theory of magnetism states that a magnetic field is created by 
moving electric charges. In a permanent magnet the movement of 
electric charges is the 

A. movement of domains. 

B. spinning of electrons. 

C. the vibration of molecules. 

D. the rotation of atoms. 


Select the choice that represents only the most commonly used mag- 
netic materials. 

manganese, copper, aluminum. 

sodium, iron, alnico. 

iron, cadmium, zirconium. 

iron, nickel; ~cobalt. 


a) @) (woh B= 


If a compass is placed at the center of a bar magnet, the compass 
needle- 

A. points to the geographic south pole 

B. points to the geographic north pole 

C. alines itself parallel to the bar 

D. alines itself perpendicular to the bar 


The direction of flow of the lines of force around a bar magnet is: 
A. out of the South pole into the North pole. 

Be out. of the North pole into the South ‘pole. 

Cs equally out of either pole into the other, 

D. .from one magnet to another magnet only. 


Which of the materials listed is the most suitable for a permanent 
magnet? 

Ae) ecOnuea. ron 

B. laminated iron 

C. hardened steel 

D. soft iron filings set in an epoxy resin 


Magnetic saturation of a material is the condition when 

A. almost all domains are lined up in the same direction. 

B. almost all atoms are formed into magnetic domains. 

C almost all domains are permanently held in the same direction. 
D. magnetic domains are so closely packed that there is no unmag- 
netic space between them. 
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The attraction between a north and a south pole can be explained 
by the fact that magnetic lines have the tendency | 

A. to repel each other when in parallel and in the same direction. 
B. to form complete loops. . | 

C. to prefer to travel through magnetic materials. 

D. to try to shorten their length. 


Which one of the statements about magnetic lines of force is in- 


of force 


of force 
of force 
of force 


always begin at a north pole and end at a south 


travel from south to north inside a magnet. 
prefer magnetic materials. 
generally try to take the shortest path. 


In order to protect a delicate instrument from a strong magnetic 
field it should be shielded with 


correct? 

A. Lines 
pole. 

B. “iines 

Cw fines 

D Lines 

A. 

B. 

Ge a 

DL a 


a nonmagnetic material 
magnetic material 

diamagnetic material 
paramagnetic material 
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Basic Electricity Name : 
Test #19 


Electromagnetism 


1. A*current of O.2 amps is flowing*in a coil of 2000 turns. The mnf 
created by this coil is 


Ke OO MNT 
B. 400 AT 
@, 2000 AT 
D. 10,000 AT 


2. In the current carrying coil shown the magnetic field will arrange 

itself so that 

A. lines of force have a counterclockwise direction around the 
coil when viewed from the right. 

B. lines of force have a clockwise direction around the coil when 
viewed from the right. 

C. a magnetic north pole will form at the left of the coil. 

D. a magnetic south pole will form at the left of the coil. 


eee 


3. The diagram indicates the cross-section of a conductor and uses the 
standard method of indicating current flow. If this is electron 
current, it will set up lines of force that are nore 6 
As Sountcvcloelerice around the conductor 
B. clockwise around the conductor. 

C. in parallel with the conductor in the direction ‘of ae. current 
flow. 

D. in parallel with the conductor in the direction opposite to 
current flow. 


4. The magnetic field around a current-carrying wire 
A. is parallel to the current flow in the conductor 
B. exists at all points along its length 
C. exists only at the beginning of electron movement 
D. moves in the direction of the current flow 


5. The word permeability indicates the 
A Amount of reluctance of one centimeter-cube of air 
B. Number of turns of an air core 
C. Ability of material to conduct magnetic lines: of force 
D. M.M.F. required to produce one gilbert 


6. Permeability is the opposite of: 
magnetic reluctivity 
magnetic attraction 

.- ohmic resistance 

- magnetomotive force 
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Direct current flows through a coil of wire which has an iron 
core. When the core is removed and all other factors remain 
unchanged, the total number of lines of force through the coil 
will change because 

A. changing the core material affects the m.m.f. 

B. permeance has been increased. 

C. reluctance has been increased. 

D. the permeability of the magnetic circuit has been increased. 


When the current in an electromagnet is increased, the magnetic 
field: 

A. is not affected 

B. expands 

C. contracts 

D. disappears 


If a compass is placed in the vicinity of a conductor carrying dc, 
the needle will align itself 

in the direction of current flow in the conductor 

at the right angles to the conductor 

in the general direction of the north pole 

in the general direction of the south pole 


[Keay Iga) 


If the direction of the current through a conductor is known and 

is considered to be from negative to positive, the direction of the 
magnetic field may be found by the: 

A. right-hand rule 

B. left-hand’ rule 

C. Fleming's rule 

D. Faraday'ts rule 


Of the following, the greatest reluctance is offered ‘by: 


AS amr 

Bo. enon 

C. steel 

D. laminated iron 


The word reluctance means: 

A, the property of a material to conduct lines of force. 

B. the opposition that a magnetic circuit offers against the 
seubing-up of lines of force, 

C. the numberof, lines of force force for a certain area. 

D. the amount of residual magnetism in a magnetic circuit. 


A coil of wire which produces magnetism when an electrical current 
is passed through it, is known as a: 


A. rheostat 
B. starter 
C. solenoid 
D, amplifier 
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Basic Electricity Name: 
Test #20 
Magnetic Circuits 
1. Select the choice that show the symbols for flux density, magnetizing 
force, and permeability in their respective order. 
A. hari EN 
B. Oo FLA 
Gee Hy Be 
ee Dens 
2. The weber is the unit of flux that is commonly used in the mks 
system. One weber is equal to 
Pee O02 lines of force, 
Ba JOP tines of force. 
Gs 1O@lines of fords: 
D. 108 lines of force. 
3. When the core of an electromagnet is removed, it retains some of its 
magnetic properties. This is due to the 
A. internal resistance 
B. residual magnetism 
C. magnetic reluctance 
D.. diielectric=field 
4h. A magnetic circuit that has a complete loop of magnetic material: 
A, has no practical applications. 
B. has high eddy currents. 
C. has low reluctance. 
D. has low resistance. 
5. A coil wound on an iron core which has a certain reluctance . 
This reluctance is a direct measure of: 
Ae atchemtotalcdorce! producing lio, 
Be theabiiaty ot the core a) oppose eddy currents. 
CG. the core's ability to concentrate flux. 
D,. the? coréts opposition to Mili: 
6. The permeability of a material is: 
A. low for magnetic materials. 
Bee “hiveh, for air. 
C. always constant. 
D. changing with flux density. 
Ws flux density of 4,000 lines through 4 sq. cm. is the equivalent of: 


A 

A. 16,000 gauss 

B. 16,000 oersted 
C. 1,000 pilberts 
D. = 1s,000 *gauss 
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A magnetizing curve shows that in a magnetic material such as soft 
iron the effect of saturation becomes more pronounced at flux dens- 
ities over 80,000 lines per square inch. In such material a magnet- 
izing force of 20 A.T. per inch will produce a flux density of 80,- 
Q0O lines per square inch. When the magnetizing force is doubled 

to 40 A.T. per inch, we can expect a flux density of about 

A. 40,000 lines per square inch. 

B. 80,000 lines per square inch. 

C. 100,000 lines per square inch. 

D. 160,000 lines per square inch. 


The negative (reverse) magnetizing force that is necessary to 
neutralize any residual magnetism in a magnetic material is measured 
as 

Ww, “coercive: force, 

B. magnetomotive force. 

C. retentive force. 

D. domain force. 


Hysteresis losses are due to the: 

A. constant reversal of the magnetic lines of force in the iron 
core. 

B. leakage between winding 

U. weer of dirdet “current ‘in the primary 

D. none of the above are correct 


Hysteresis losses would be greater in 
A, wAsr 

Bee odin ai ron 

C. Hardened Steel 

D. Aluminum 


On a graph representing the properties of magnetic material the 
hysteresis loop would become wider when 

A. the flux density increases 

B. the coercive force of the material is greater 

C. the permeability of the material decreases 

D. the magnetomotive force becomes highly negative. 


The core of a transformer consists of a complete loop of magnetic 
material. The total length of this loop is 15 inches. One coil 
on the transformer has 30 turns, and a current of 5 amps flow in 
the coil. The magnetizing force in the magnetic material is 

Ls OV is per inch 

Be OOgiei sper Lich 

Ge P5OeAG LS per inch 

ee eee Okie per Lich 


A d.c. generator has a total pole area of 1.5 square meter and 

the flux density at the pole surface is 0.3 weber per square meter. 
The total flux developed by the generator poles is 

A. 0.20 weber 

BereOsio weber 

C. &.5 weber 

De De0!) weber 
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Basic Electricity Name : 
Test wow. 


ite yew Measuring Instruments 


ile 


The basic D.C. meter movement utilizes: 

A. one permanent magnet 

B. two permanent magnets 

C. two electromagnets 

D. both a permanent and an electromagnet. 


moving coil or DtArsonval movement measures the value of 
a direct current flowing through it. 
an alternating current flowing through it. 
both ac and de current flowing through it. 
either ac or dc power connected to it. 


Sh ee te ee 


The essential difference between a voltmeter and an ammeter is that 


A. voltmeter has a high iternal resistance 
B, ammeter has a high iternal resistsnce 

C. voltmeter has a low iternal resistance 
D. ammeter has no iternal resistance 


A voltage multiplier is connected: 

A. in series with the meter movement 
B. in parallel with the meter movement 
C. across the line 

D. across the meter movement 


If the full-scale-deflection current of a meter movement is 1 ma 
and the internal resistance of the movement is 100 ohms, what is 
the maximum voltage that can be measured with this meter using a 
multiplier of 99,900 ohms? 


Ag 1 volt 

Bes 10 volts 
Oo) LOOPVvorcS 
Die LOCO Sola Ss 


A voltmeter with a sensitivity of 4000 ohms—per-volt is switched to 
the 250-volt range. What is the input (internal) resistance of the 
meter at this range? 

A. 16 ohms 

B. 100 ohms 

C. 100,000 ohms 

D. 1,000,000 ohms 


A voltmeter using a 50na (micro-amp) meter movement has a sensitiv— 
ity of 

1,000 ohms/volt 

5,000 ohms/volt 

20,000 ohms/volt 

50,000 ohms/volt 
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A voltmeter that has a sensitivity of 10,000 ohms per volt. From 
this information we can determine that the meter uses a movement 
with an fsd current of 

A. 107 amps 


Bs eines amps 
ay 1074 amps 
Ore amps 


We wish to measure voltages up to 300 volts. Our meter specif- 
ications are: I, = 5 ma, Ry = 50 ohms. We require a multiplier of 
A. 600 kilo-ohms 

B. 599,950 ohms 

C. 60 kilo-ohms 

D). eo79720 ‘ohms 


Another name for a DtArsonval movement is 
A. a voltmeter 

B an ammeter 

C. a moving-coil meter 

D. a moving magnet meter 


A galvanometer is a meter that 

A, measures only galvanic current 

B. has the zero in the center of the scale 

C. measures voltages without producing any loading effect 
D. does not employ a permanent magnet 


A voltmeter with a 1000 m/v rating is used to measure the emf on the 
divider circuit below. The meter is set to the 50-volt range. The 
reading on the meter will be 

bee mp OD) 


Vv S 

B.. 40 ¥ | telacatiog ase 
Crs eBay EB, =60 v= 

D. OV 5a R,=50 kale 

t < 


a Pa et Mette inns ee 
The meter in the problem above is switched to the 100-volt range. 
Tt remains connected to the same divider circuit. The meter read- 


wees 

he gOOuns 
rome, Jem 
Os GAIN 
ws SOs vi 


© Bteae mid Dh setae a 
tune ts: qaihea | witht garaiba hy nithy. 
Jee cer 229i] & 


«tt no bes sy suiidw4? bean 2) tilder pipet 
wT ,egaiy sity si7 or ane. 6 ‘ane 3 ‘ 
itn 


Ah wag ¢ 
> a Otel 


—————— eed 
wag, Ther aly me betes ive 21 eyada 
abiet yoep ait .o¢huntite tebivid touan! Oty, 


£5 


142 
Basie Mlectricity Name: 
Test #22 
Ammeters, ohmmeters 


1. The essential difference between a voltmeter and an ammeter is that 


Gne? 

A. voltmeter has a high iternal resistance 
B. ammeter has a high iternal resistance 
C. voltmeter has a low iternal resistance 
D. ammeter has no iternal resistance. 


A shunt for a milliammeter will 

A. extend the range and reduce the meterts resistance 

B. extend the range and increase the meterts resistance 

C. decrease the range and the meter's resistance. 

D. decrease the range but increase the meterts resistance. 


3. To double the current range of a 50 Ma 2,000 ohm meter movement, 
tne shuntperesistance should be 


A. 40 ohms 

B. 50 ohms 

C. 2,000 ohms 

D. 18,000 ohms 

4. When Rg = 50 ohms and Is = 500 microamperes, a is equal to: 

Mw 25 velts i= {2 

By, 10 volts 

C 25 mullavolts apa a aie 4 y a ; 
. 5 VIN 

D 10: millivolts R=50 1,=500 a 


5. We wish to extend the range of a 100-microampere meter movement to 
read 1 ma. full scale. Which of the following precision resistors 
would you use if the internal resistance of the original movement 
is 91.0 ohms? 


A 99s. onms 
Bo 1G. b onms 
Ge: 1320) ohms 
D. 91 ohms 


6. In an ammeter with Ry = 250 ohms and Ty, = 50 ma, the maximum current 
that can be measured using a shunt of 0.501 Ohm is: 
A. 600 amperes 
B 250 amperes 
C. 60 amperes 
D 25 amperes 


7. One component of an ohmmeter that is not found in volt-or ammeters 


is 

few che multiplier 

B. the range selector 
C. the shunt resistor 
D. the battery 
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An ohmmeter has a total internal resistance of 1500 ohms. 
What would be the ohms reading at the center of the scale for this 


ohmmeter ? 

AS 750 ohms 

Be 1500 ohms 

Cy 3000 ohms 

De 15000 -ohms 

A V.0O.M. is used to measure: 
A. only resistance 
B.thonlyovolts 

GC. only small currents 

De any of the above 


To increase the resistance range of an ohmmeter so that higher 
resistance values can be measured it would be best to 


Be 


a 
De 


use a more sensitive meter and more than one dry cell 

use a lower internal resistance and a lower rheostate for the 

Zero. ad just 

use a current shunt in parallel to the meter movement 

use a linear scale and a movement that produces linear deflection. 
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ELECTRICITY 12 


MULTIPLE CHOICE TEST Total number of questions: 40 


Check this booklet for 7 complete pages 


Mark the letter on the answer sheet that corresponds to what you think 
is the best choice for each question. 


NOTE: You will find that for some questions there may be several partly 
correct choices. You are to select the one choice that you 
think will best answer the question or complete the statement. 


EXAMPLE: 
1. What is the most important advantage of a typical lead- 


acid storage cell when compared to an ordinary dry cell? 


A. It produces a higher voltage. 

B. It can be recharged. 

C. It can deliver a higher current. 
D. It can store more-ampere-hours. 


Note, that A,C, and D are partly correct, but B is the most important 
characteristic of a lead-acid cell. 
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The electrical charges in an atom are distributed in the following 
manner: Protons » neutrons » electrons 

A. positive, no charge, negative. 

B. positive, negative, no charge. 

C. no charge, positive, negative. 

D. negative, no charge, positive. 


The electrons of metal atoms which are located in the highest 
energy band (outermost shell) 

Ae are not very tightly held to the atom. 

B. have the highest electrical charge. 

C. have the lowest electrical charge. 

D. do not participate in the conduction of electric current. 


In static electrical terms 

A. a negatively charged body has a lack of electrons. 
B. a positively charged body has lost some protons. 
C. like charges attract and unlike charges repel. 

D. mone of the above. 


In an electric circuit electrons are considered to move from 
A LelG tO Fient. 

Be. Gigi vo lero. 

C. negative to positive. 

D. positive to negative. 


six cells of 1.5 volts each, when connected in parallel will produce 
an output voltage of 

A. 1.5 volts. 

Be SavOlus. 

Ce. 9 volts. 

D. 12 volts. 


The pracipal effect of resistance 1n a Simple circuit is 
A. the creation of electric current. 

B. the increase of current flow. 

C. the limitation of current flow. 

D. the conversion of resistance to conductance. 


The conductance of a circuit increases 
A. when the resistance increases 

B. when the voltage decreases. 

C. when the resistance decreases. 

D. when the current decreases. 


In any direct current circuit the current is 
A. directly proprotional to voltage and inversely proportional 


to the resistance. 
B. directly proportional to the resistance and inversely propor- 


tional to the voltage. 
C. indirectly proportional to the resistance and inversely pro- 


portional to the conductance. 
D. indirectly proportional to the resistance and inversely pro- 


portional to the voltage. 
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9. A resistor of 50 ohms is connected to 125 volts. What current will 


it draw? 
A. 6250 amps. 
Be 6 amps 


C. 2.5 amps. 
D. O.4 amps. 


10. A relay with a coil resistance of 250 Ohms requires a direct current 
of 0.2 amps for its operation. It must be connected to a dec. 
source of 
Ae 3evolts* 

Be Jepuvolts. 
us 5OSVoOlts: 
D. 1250 volts. 


11. The voltage required to cause a current of 50 microamps to flow through 
a resistance of 150 kilo-ohms is 
Ks Sevolts.: 
Be (ee) VOCS. 
Os S5000tvelts. 
ee SOUR VO LCS. 


12. Which of the following methods is correct for finding the circular 
mil (CM) area of a round electrical conductor? 
A. (diameter in mils )s ee ally 
B. (diameter in mils)* 
C. (diameter in inches)* x 3514 
D. (diameter in millimeters) 


13. A copper wire with 0.2 inch diameter has an area of 
Ae 200ncifrculan mils. 
Be LO0-circular mils. 
Ge 20 WOO circular mils. 
D. 40,000 circular mils. 


ii. ein a length of wire the resistance is 
A. proportional to the length and unaffected by the cross-section. 
B. inversely proportional to length and to cross-sectional area. 
C. directly proportional to length and to cross-sectional area. 
D. directly proportional to the length and inversely proportional 
to the cross-sectional area. 


15. During the operation of a transformer the temperature of the copper 
copper coils in the transformer increased from 20° to LORMGA) aPhiis 
increase in temperature will cause 
A. a slight decrease in the resistance of the coils. 

B. no change in the resistance of the coils. 
C. a slight increase in the resistance of the coils. 
D. a doubling of the resistance of the coils. 
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In a series circuit of three resistors, the amount of current flowing 
through one resistor 

A. depends upon the resistance of that resistor. 

B. depends upon the position of that resistor in the circuit. 

C. is the same as the current flowing through the other resistors. 
D. may be different from the current through the other resistors. 


Resistances of 100 ohms, 200 ohms, 300 ohms, and 1 megohm are connec-— 
ted in parallel. The total resistance is 

A. more than one megohnm. 

Be. about one megohm. 

C. about 600 ohms. 

D. less than 100 ohms. 


Two resistors of 250 ohms and 350 ohms are connected in parallel. 
The total resistance of this connection is closest to: 


As liGlonms. 
B. 187 ohms. 
C. 300 ohms. 
D. 600 ohms. 


in the circuit below the voltage at the resistors Ray Roy and R, 

in therm irespective order are 

A. E,=60 v, E,=40 Vy Bei Ve ar ca a puto | 
| 


1 
> 4 
Be ge Whe ee a eee Lg a120y & Ry=60 3 Ry=4O S Ry=20 
C. E,=20 v, B,=40 v, B4=60 We : xy 2 
Kirchhoff's voltage law in its basic form should be used only in 
Ae series C1rCuLLS. 
Be parallel circuits. 
C. series—parallel circuits. 
D. experimental circuits. 


aes eS ek Pee ae 


The total resistance in the circuit below is, | 


A. 12 ohms. = [—R,=3°chms {=F Ohims 1 
Be 16.5 ohms. ae > 3 Ss 
C. 18.7 ohms. ==*4=36 Vv = R216 ohms & Rj=10 ohms 
De, 2200nms. ee es es AAA “3 
R,=2 ohms R.=3 ohms 
6 D 
The current in resistor aa in the diagram in the above question is 
A.ThS “amps. 
Be. 1.5 amps. 
C. 3 amps. 
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Which of the statements is true for the diagram below when the motor 
Mis started? 


tyr tented AAA pe ar enaarcccemnearcpsesoem acme Wl GE NGL \ Beisecremarianes ane ee eenne 
R,=0.1 ohm f ele Pb sat 
} 


L 7 2 
Be aD moter a 


=0.1 ohm R, =0.2 ohm 
A. more current flows through the lamp. 4 
B. the line resistance R,, and R, increases. 
C. the voltage drop across R afi H, decreases. 
D. the voltage drop across i and increases. 


lamp 


A 500-ohm potentiometer.: is connected to a 10—volt source as shown 
below. The voltmeter (a VIVM) reads 7 volts. What is the resistance 


between the slider contact B and point C? —e 4 
A. 150 ohms. S 
B. 350 ohms. 


s 


C. 493 ohms. B= 10 v a eo 
D. 500 ohms. la: s (¥) 
perioral 


A 120-volt electric outlet is protected by a 10—amp fuse. Three 
appliances rated at 500 watts, 200 watts, and 400 watts are connected 
in parallel togthe line.geihe Wuse wil 

A. burn out immediately. 

Be burn out after a short period of time. 

C. not burn out. 

D. burn out and restore the circuit automatically. 


What is the maximum voltage that should be applied to a 500-ohm 
5<-watt resistor? 

Ae LlONVolits. 

BeeoUrvolls. 

C. 100:volts. 

Dee sOU0nvo Lis. 


An electric heater used 2000 watts when it is connected to 230 volts. 
When the voltage is reduced to 115 volts, the same heater will use 

A. 4000 watts. 

B. 2000 watts..- 

C. 1000 watts. 

De 500 watts. 


The electrolyte of a lead-acid cell is 
A. sal ammonia. 

B. manganese dioxide. 

Ge ssulfuric ‘acid’. 

D. muriatic acid. 
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The total internal resistance of the 12.6-volt battery in the circuit 
below is 0.02 ohms. What is the terminal (output) voltage of the 
battery when a load current of 30 amps is drawn from the battery? 

Re 12.0 ve i pa oa 

Be 12.54 Ve emf=12.6 vo = oe oe 

Greil e vs =0.02 ohm eel 

Deg AAO aS “b With 0 coping Sp 


When a magnetic circuit is compared with an electric circuit then 
A. flux could be compared with current. 

B. reluctance could be compared with resistance. 

C. mmf could be compared with emf. 

D. all of the above. 


In what material is residual magnetism most apparent? 
A. hardened steel. 

Bs* sore iron. 

C.. copper. 

De wood. 


The strength of an electromagnet depends on a number of factors. 
What are the most important ones of these factors? 

A. Current, number of turns, shape, and type of core material. 
Bee Voltage, Size of wire, Penth and diameLer of coil; 

C. Current, number of turns, spacing of windings and layers. 

D. Ratio of diameter to length of the coil and the power used. 


A wire penetrating this page with the current flow from negative to 
positive downward into the page has a magnetic field that is 

A. counterclockwise when drawn on this page. 

Be clockwise when drawn on this page. 

C. parallel to the wire going into the page. 

D. parallel to the wire coming up from the page. 


The permeability of a magnetic material becomes lower when the 
magnetizing force increases because of the effect of 

A. hysteresis. 

B. eddy currents. 

C. saturation. 

Do coercive: force. 


If an iron core is inserted partly into a coil and a current is 
applied to the coil, the core will be drawn into the coil in an 
effort to 

A. increase the reluctance of the magnetic field. 

B. decrease the length of the magnetic circuit. 

C. reduce the permeability of the magnetic circuit. 

D. increase the effect of residual magnetism. 
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A voltmeter consists of 

Ae ameter movement without any resistance. 

B. a precision resistor in parallel with a meter movement. 
C. a precision resistor in series with a meter movement. 
D. a galvanometer in parallel with a resistor. 


In order to measure large currents with a moving coil instrument 
A. the meter must be made more rugged. 

B. an increased number of turns must be put on the moving coil. 
C. shunts must be used. 

D. more dampening is required. 


A meter movement has a full—scale deflection current of 1 ma and a 
resistance of 500 ohms. This movement must be used in a current 
meter for O —- 1 ampere. What is the value of the shmt required? 


Aeeoaeohms. 
B. #2302 ohms. 
Ge. Oed OM 
Dp. 0. 230hmn. 


One of the scales on a VOM multimeter is non-linear. This scale 
is used for 

A. dc. milliamperes. 

See Ohms. 

Oe. d.Cs VOLts. 

DS» aecs *vOlLbS. 


The value of R, in the wheatstone bridge circuit is (the bridge is 


balanced) 
= = 1 ohm 
Ae O.37 ohms. hed enue = ue : 
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De Os 63 ohms. AD ANS 

C. B70 ohms. 
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RLECTRICITY 12 


MULTIPLE CHOICE TEST Total number of questions: 95 


Check this booklet for 16 complete pages 


Mark the letter on the answer sheet that corresponds to what you think 
is the best choice for each question. 


NOTE: You will find that for some questions there may be several partly 
correct choices. You are to select the one choice that you 
think will best answer the question or complete the statement. 


EXAMPLE : 
1. What is the most important advantage of a typical lead- 


acid storage cell when compared to an ordinary dry cell? 


A. It produces a higher voltage. 

B. It can be recharged. 

Cowitecan deliver avhiener scurrenv. 
D. It can store more-ampere-hours. 


Note, that A,C, and D are partly correct, but B is the most important 
characteristic of a lead-acid cell. 
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The elctrical charges in an atom are distributed in the following 
manner: Protons » neutrons , electrons 
A. positive, no charge, negative. 
B. positive, negative, no charge. 
C. no charge, positive, negative. 
D. negative, no charge, positive. 


Copper has the atomic number 29. This means that the copper atom 
normally contains 

A. a total of 29 protons and neutrons. 
Be a total of 29 electrons and neutrons. 
C. 29 neutrons and 29 protons. 

D. 29 protons and 29 electrons. 


An atom of sodium has been disturbed by some outside force. It 
now contains 11 protons, 12 neutrons, and 10 electrons. This 
type of atom is called a 

A. neutral atom 

B. negative ion. 

GC. positive ion. 

D. normal atom. 


Electrons that are in the higher energy bands (outermost shells) 
of metal atoms 

A. are not very tightly held to the atoms. 

Be have the highest electrical charge. 

GC. have the lowest electrical charge. 

De dG not participate in the conduction or “electric current. 


In static electrical terms 

A. a negatively charged body has a lack of electrons. 
Be a positively charged body has lost some protons. 
C. like charges attract and unlike charges repel. 

D. none of the above. 


Two bodies with an equal negative charge are two centimeters 


apart. What happens to the force between them when the distance is 


reduced to one centimeter? 

A. The force is doubled. 

B. The force becomes four times as great. 
C. The force is reduced to one half 

D. The force remains the same. 


In an electric circuit electrons are considered to move from 
A. left to right. 

Bs fright to left. 

C. negative to positive. 

D. positive to negative. 
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The principal effects of current are 
As magnetism and conductance. 

B. resistance and heat. 

C. conductance and resistance. 

D. magnetism and heat. 


When an electric current is compared to a completely closed pipe 
system, electric current should be compared to 

A. pressure. 

B. the amount of water in the pipe system. 

C. the amount of water flowing past any given point per second. 
D. the pressure difference before and behind the pump. 


A flow of 4 coulomb in 2 seconds is measured in a circuit. The 
current in Chav CLrcuLe 1s 


Ae 8 amMpe 
Be 4 amp. 
Ce 2 amp. 
D. + amp. 


Which statement would best describe the flow of current in a 

metal conductor? 

A. All atoms in a conductor are moved simultaneously in the same 
direction. 

B. Electrons are torn loose from their atoms and pushed along the 
conductor with the speed of light. 

C. Electrons jump from atom to atom thereby moving in one general 
directicn. 

D. Electrons are pushed into one end of the conductor and the same 
electrons come out at the other. end. 


im order for current to flow in a circuLt there must be 
A. an open path across a potential difference. 

Be a closed path with a zero potential difference. 

Ge ail Open path across 2 Zero spovential dilrerence. 

D. a closed path between a potential difference. 


The volt is a measure of 

A. the intensity of electron flow past a given point. 
B. the ability of a conductor to allow electron flow. 
C. the potential difference between two points. 

D. the opposition to electron flow. 


Six cells of 1.5 volts each are connected in parallel. The output 
voltage of this connection is 

Ra eled LVOLUSs 

Be 3. Volts. 

Casey volus. 

Deke a VOILL S's 
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Four 1.5-volt dry cells are connected as shown. The voltmeter V 


will read (look at the diagram carefully!) a, 


A. 
Be 
C. 
D. 


The 
ING 
B. 
C. 
ie 


+ 


6 volts. 5 
3 volts. Wye a + 

Ie volts. | | ‘ j 
O volt. _—____(V) = 


major effect of resistance in an electric circuit is 
the creation of electric current. 

the creation of electric pressure. 

the limitation of electric current. 

the limitation of electric pressure. 


When referring to a circuit's conductance, you visualize the degree 
TOMWhECHe the ci reuLt 


Ae 
Be 


Opposes the rate of current flow. 
Opposes the rate of voltage changes. 
permits or conducts current flow. 
permits or conducts voltages. 
conductance of a 90-ohm resistor is 
90,000 mhos. . 

1j1.1 mhos. 

O, 9emho. 

0.011 mho. 


A short circuit will cause 


ae 
B. 
C. 
D. 


the voltage to increase. 
the resistance to increase. 
the current to increase. 
the voltage to decrease. 


in a2 csc. circuLe the current 2s 


Ae 


Be 


D. 


directly proportional to voltage and inversely proportional to 
the resistance. 

directly proportional to the resistance and inversely proportion— 
al to the voltage. 

indirectly proportional to the resistance and inversely propor— 
tional to the conductance. ‘ 

indirectly proportional to the resistance and inversely propor— 
tional to the voltage. 


When the voltage applied to a circuit is doubled and the resistance 
is also doubled, the resultant current is 


A. 
Be 
C. 
D. 


double the original. 
one—half the original. 
one quarter the original. 
the same as the original. 
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A lamp is connected to a source of 110 v and draws a current of 0.9 a. 
What is the resistance of the lamp? 

A. 12.22 ohms. 

Peters OMS. 

GC. Q.008 ohm. 

D. O.08 ohm. 


A resistor of 50 ohms is connected to 125 volts. What current 
wil erthdraw? 
A. 6000 amps. 


Bs. Gramps. 
G3. 2:5 amps. 
De. O.4 amp. 


Aprelay with 2 coll of 2507onms requires a-dec. soi Use a 10r 10s 
operation. <It must’be! connected toval dc. sourceof 


AEA 1250) vis 
Bee L25.iv9 
Gh Sule 
Der 5OniVe 


One megohm is the equivalent of 
A. 1/1,000,000 ohm. 

B. 1/1000 ohm. 

C. 1000 ohms. 

D. 1,000,000 ohms. 


One thousand microamps is the equivalent of 
A. 61 app. 

B. 1/1000 amp. 

Gy 1/72 000s O00vanp. 

D. none of these. 


18 kilovolt can also be expressed as 
Piss cteme 
Deeb) eos 10° 
GC. 1.8 x 10° 
D. 1.8 x 104 


A current of 3.3 x 107° amps could also be expressed as 
A. 3.3 micro~amps. 

B. 33 micro-amps. 

CG. 0.33 milliamps. 

Don tamps'. 
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The voltage required to cause a current of 50 microamps through 
a resistance of 150 kilohms is 


eee OMe 

ie! Ves wlis 

Cee Se0OMVs 
wh VECO 


Select the answer that shows the materials ordered in their ability 
to conduct electric current. The best conductor first and the one 
offering the highest resistance last. 

A. Gold, silver, copper, aluminum. 

Be wollver, COpper, aluminum, iron. 

CG. Copper, silver, gold, nickel. 

De cilver, aluminum, copper, iron. 


Which of the following methods is correct for finding the circular 
mil (CM) area of an elgetrical conductor? 

Ay 6(dGiameter in mils)“ x 3.14 

B. (diameter in mils) 

C. (diameter in inches) )e x ae oli 

D. (diameter in millimeter) 


bvatength of wire the resisvance is 

A. proportional to the length and unaffected by the cross~section. 

B. inversely proportional to length and cross-section area. 

G. directly proportional to length and cross-section area. 

D. directly proportional to length and inversely proportional to 
the cross-section area. 


A copper wire conductor with 0.2 inch diameter has an area of 
Ae 200 -circular mils. 

Be e400 Circular mls. 

Ge. 20,000 circular mils. 

De 40,000 circular mils. 


A number 10 AWG wire has a cross-sectional area of almost 10,400 CM. 
What is the resistance of 200 ft. of this wire? (K for copper: 10.4) 
Ke. O,025 ohms. 

Be O.2 Ohms. 

Ce Ueoe Ons. 

De See Ohms. 


A copper coil in a transformer has a resistance of 10 ohms at ele hcmll 
After the transformer operated for some time, the temperature of the 
coil rose to 40° C. What is the resistance of the coil at that 
temperature? (Temperature coefficient for copper is 0.00. ) 

Ae 92S, onms. 

Be 10.08 ohms. 

Ge J0.5.0hms. 

te Ls ohmSe 
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Inserting additional resistance into a series circuit will 
Ae cause additional current flow. 

B. increase the voltage drop across the source. 

C. increase the power loss in the circuit. 

D. reduce the current in the circuit. 


In a series circuit of three resistors, the amount of current 
flowing through one resistor 

A. depends upon the resistance of that resistor. 

B. depends upon the position of that resistor in the circuit. 
C. is the same as the current flowing through the others. 

D. may be different from the current through the others. 


In a series circuit an electric bell is 5.1 ohms, the connecting 
wires are 1.4 ohms and a resistor is 0.3 ohms. The total resistance 
is 

As «02. ohms. 

B. 6.8 ohms. 

GCG: 1G: onms. 

De “22 ohms. 


How much current will be drawn by 8 -— 100-ohm resistors connected 
im parallel across a 20 volt. line? 

A. 40 amps. 

B. 1.6 amps. 

C. O.2 amps. 

D. 0.0125 amp. 


Resistance of 100 ohms, 200 ohms, 300 ohms, and 1 megohm are connec= 
ted in parallel. fhe total resistance is 

A. more than 1 megohm. 

B. about one megohm. 

C. about 600 ohms. 

D. less than 100 ohms. 


Two resistors of 250 ohms and 350 ohms are connected in parallel. 
The total resistance of this connection is very close to 


A. 146 ohms. 
B. 187 ohms. 
G. 300 ohms. 
D. 600 ohms. 


Three resistors are connected in parallel. One has 10 ohms resis-— 
tance, another 30 ohms, and the third 60 ohms. The total resistance 
is 

Ae 7-9 ohms. 

Be! $6 G,0nms. 

C. 6.67 ohms. 

D. 100 ohms. 
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In the circuit below the voltages applied to Ris Rn 
respective order are z 
A. 60v, 4Ov, 20v. 
Be, Ov, evs. 6vV« 
Ge 20v, 40v, 60v. 
Day Ae Oyed Ov, 120. 


and R, in their 


Kirchhoff's voltage law in its basic form should only be used in 
Ae Series CircuLuces 

B. parallel circuits. 

C.* series parallel circuits. 

eee ee Cl rCULLS. 


In the circuit below the voltage drop Vy in the resistor Ris 
Ae 2h ve 


ANA ee 
Boe 30m. R,=200 ohms 
C. 60 v. B,=120v == $R,=500 ohms 
Domed 2omys | : c 

a ee 

ne=Ee ohms 
In the circuit below what is the voltage drop across Rf 
A. zero volts. AMA 
Be LO yorvSs. | By =50v E=60v oe z, | 
C. 20 volts. | ts | 
D. 120 volts. ean 
B,=120 Vv 

In the circuit below the total current is 7 amps. What is the 
current in R? OO xe armel Se RO ea : 
A. zero. I,=7a oan eens 
Be 1.5 amp. nS i @1)=3a 1-7 Wigres28 
Ge uoe> alips.e) © | z | : 
D. 7 amps. § cae Be 


The generator Gin the connection below produces 117 v. The motor M 
draws a current of 20 ae The resistance of each line wire is 0.02 ohm. 


What is the voltage at the motor? 


WAN & 
a [RB 4s0.02ohms 
B. 116.96 v. B=117v = wl I =20 a 
ps 116.6 Ve [24 sae m 
Dy Maile yon Ge | 
DANA 
yD7O° O2 ohms 
The total resistance of the circuit ee is ' 
Ae 12 ohms an UW ar eet Ah 2 AE 
Be 16.5 ohms I Ri=2 ¢ ; R=? 4 
De. 22 Ohms La eure 5s 


Ry=2 oe 
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The current in resistor R, in the diagram of the previous question 


(4,9) is 4 


A. O.8 amp. 
B. 1.5 amps. 
C. 3 amps. 
D. 6 amps. 


Which of the following statements is true for the diagram below? 
When the motor M is started 

A. more current flows through the lamp. 

B. the line resistance Rj and R, increases. 

C. the voltage drops across R, dnd R3 decrease. 

D. less current will flow through the lamp. 


ee eR ET) ae NAN 

tls R= O.1 ohms / Ro=0.2 ohms 

I () motor a P 

SAA AA ee AAA, | 

= 0.1 ohms Ry =062 ohms 
The voltage across motor two in the two-wire circuit below is 
Nee 2Diee Wis eve ALA ene ¢ eek we a 
Se ata | R,=0.2 ohm 
De p20 tecevs a 
wens Rigniel: : 
R,=0.1 ohm 

A device that has three active terminals and can be used as a 
voltage divider is called a - A device 


that has two active terminals and can be used to regulate current 
going to a motor or other load is called a ° 
A. rheostat, potentiometer. 

B. potentiometer, rheostat. 

C. rheostat, variable resistor. 

D. variable resistor, potentiometer. 


When the load on a voltage divider increases 
A. the voltage across the load increases. 
B. the resistance of the load increases. 

C. the equivalent resistance increases. 

D. All of the above statements are incorrect. 


divider 


A 500-ohm potentiometer is connected to a 10-volt source as shown 
below. The voltmeter (a VIVM) reads 7 volts. What is the resistance 
between the slider contact B and point C? 


> 


A. 150 ohms. 2 
Be 350 ohms. S B 
Cs. 493 ohms. BE, =10 v oo ant aaah : 
+ = a G \ 
D. 500 ohms. > JV voltmeter 
& 
| “C | 
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56. Select the answer that correctly shows the three basic formulas 
for calculating electric power. 


Ree PLHI Se PATO, oe, 
Be —— PIR, P=EI. 

Coeper ie P=I°R, 
Deeps lat: pete, P=EI. 


57.Three resistors of 2, 4, and 6 ohms respectively are ccnnected in 
parallel. Which resistor would absorb the most power? 
A. It will be the same for all resistors. 
B. The 6- ohm resistor. 
C. The 4-ohm resistor. 
D. The 2-ohm resistor. 


58. A car headlight draws a current of 5.5 amp at 12 volts. The wattage 
of the lamps is very close to 
A. 22 watts. 
B. gl/s> watts. 
G. 66 watts. 
D. 78 watts. 


59. A current of 5 amps is flowing through a 50-ohm resistance. The 
power dissipated is 
A. 1250 ‘watts. 
B. «250 watts. 
Ge wl25> Wabts. 
De 2D watts. 


60. When a light operates from a 24—volt supply and uses 96 watts of 
power, the current flowing through the light must be 


Ae Ose Ae 
Be gece 

Oe lo. as 
Ue iets 


61. A 120-volt electric outlet is protected by a 10-amp fuse. Three 
devices rated at 500, 200, and 400 watts are connected in parallel 
tO. Units oublet. the fuse will 
A. burn out immediately. 

B. not burn out. 
C. burn out after a short period of time. 
D. burn out and restore the circuit automatically. 


62. What is the maximum voltage that should be applied to a 500-ohm 
5-watt resistor? 


Ae 10 Ve 
spe Cota 
Go A Ve 
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63. An electric heater uses 1500 watts of electric power when a current 
of 12 amps flows through the heater. What will be the power con- 
sumption when the current is reduced to 6 amps, provided the resis- 
tance of the heater does not change? 

A. 3000 watts. 
Be 1500 watts. 
C. 750 watts. 
D. 375 watts. 


64. What is the most commonly used unit of electric energy? 
A. Horsepower. 
Bs Watt. 
Ce hi lowatbe 
D. Kilowatt—hour. 


65. A television receiver rated at 120 volts and 2 amperes is operated 
for 100 hours. What is the cost of operating this set at 3¢ per 


kilowatthour? 
Neu ablend 
B. $3.60 
se b2 a0 
Se 


66. An electric water heater is designed for 230 volts. At this voltage 
it will heat the total water content to the desired temperature in 
13 hours. This water heater is connected to 115 volts. How long 
will it take for the water to be heated to the desired temperature? 
Ae 0 hrs. 
Bee o hrs. 
C. i hrs. 
D. hrs. 


67. Electrical charges move through the electrolyte of an electrochemical 
cell by means of 
Ae Irec electrons. 
Be. ons. 
G. molecules. 
D. complete atoms. 


68. The electrolyte of a lead-acid wet cell is 
A. sal amoniac. 
Be manganese dioxide. 
ey SSN iene” Genel mele 
D. muriauic acid. 


69. If the load resistor across the terminals of a battery is made 
smaller in ohms value, the voltage drop across the internal resistance 
Ae decreases: 
B. becomes zero. 
C. increases. 
D. remains the same. 
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The total internal resistance of the 12.6-volt battery in the cir- 
cuit below is 0.06 ohms. What is the terminal voltage of the 
battery when a load current of 30 amps is drawn from the battery? 


AY 12.6 Ve | - | 

Demee i2s ° 

ee SAE IOU Sos o14e30 a 
In a bar magnet magnetic lines of force are thought to have the 


direction of 


Ae south to north outside the magnet and north to south inside. 
B. north to south outside the magnet and south to north inside. 
C. south to north both inside and outside the magnet. 
D. north to south both inside and outside the magnet. 


The theory of magnetism states that magnetic materials are different 
from ordinary materials because theyform small magnetic units that 
behave like tiny bar magnets. The name of these units is 


A. dipole atoms. 

B. dipole molecules. 
C. magnetic atoms. 
D. domains. 


Soft iron is most suitable for use in a 


A. permanent magnet. 
B. natural magnet. 
C. temporary magnet. 
D. magneto. 


The permeability of a substance is 


A. ameasure of its ability to resist magnetism. 

Boe a measure Of 1ts ability to concentrate lines of force. 
C. dependent upon its size. 

D. dependent upon its shape. 

If magnetic circuitswere thought to be analogous to electric circuits, 
then 

A. flux could be thought to be similar to current. 

B. reluctance could be thought to be similar to resistance. 
C. mmf could be thought of to be similar to emf. 

D. all of the above. 

In what material is retentivity most apparent? 

A. “Hard@steel. 

Be  oOrveiron. 

C. Copper. 

De Woode 


Insertion of a soft iron core into a current carrying coil will 


A. destroy the magnetic field. 

B. increase flux density. 

C. decrease flux density. 

D. not affect the magnetic field. 
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The strength of an electromagnet depends on a number of factors. 
What are the more important ones of these factors? 

A. Current, number of turns, shape and type of core material. 
B. Voltage, size of wire, length and diameter of the coil. 

C. Current, number of turns, spacing of turns and layer. 

D. Ratio of diameter to length of the coil and the power used. 


A wire penetrating this page with a current flow from negative to 
positive downward into the page has a magnetic field that is 

A. counterclockwise and in a plane parallel to this page. 

B. clockwise and in a plane parallel to this page. 

C. parallel to the wire and going into the page. 

D. parallel to the wire and coming up from the page. 


The permeability of a magnetic material becomes lower when the 
magnetizing force increases, because of the effect of 

A. hysteresis. 

De cody currents. 

GC. saturation. 

DS coercive torce. 


if an iron core is inserted partly into a coil and a current is 
applied to the coil, the core will be drawn into the coil in an 
erlorc, vo 

AG iiicrease tune reluctance of the field. 

B. decrease the length of the magnetic circuit. 

Gs “reduce the permeability of the circuit. 

DS increase the’ residual effect. 


When two parallel conductors carrying current in the same direction 
are placed side by side, the magnetic fields produced by both 

Ae Cancel each others fields 

B. push each other apart. 

C. have no effect on each other. 

D. encircle both conductors drawing them together. 


The basic moving coil measuring instrument measures 
A. the effect of electric current by interaction of a permanent 
magnet with an electromagnetic coil. 

B. the effect of an electric current by measuring the heat 
developed by that current. 

C. the effect of an emf by measuring the interaction of two 
opposing electrostatic fields. 

D. the effects of the combination of current and emf by measuring 
the interaction of a stationary and a movable electromagnetic 
PL Cl0. 


One disadvantage of the moving coil (D'Arsonval) instrument is 
Ae gtelseLoo: Sensitive. 

B. it operates on d. c. only. 

C. the permanent magnet tends to weaken. 

D. it is too delicate. 
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A voltmeter consists of 

As ameter movement without any resistance. 

B. a precision resistor in parallel with a meter movement. 
C. a precision resistor in series with a meter movement. 
D. a precision resistor in parallel with a galvanometer. 


A dec. voltmeter has an internal resistance of 1000 ohms and a full- 
scale deflection of 10 volts. To increase the range of this voltmeter 
to 100 volts, the multiplier resistance to be added should be 

A. 5000 ohms. 

B. ‘7000 ohms. 

C. 9000 ohms. 

D. 10,000 ohms. 


A meter movement has a full-scale-—deflection current of 1 ma and. an 
internal resistance of 100 ohms. What is the value of the voltage 
multiplier required to convert this movement into a voltmeter for” 
O to 100 volts? 

Ae 900 ohms. 

B. 9,900 ohms. 

Ce 99,900 ohms. 

D. 100,000 ohms. 


A voltmeter will give the most accurate readings in low-current 
circuits when it has 

A. a low internal resistance. 

B. a low ohms—per-volt rating. 

C. a high ohms-per-volt rating. 

D. a movement of low resistance. 


A voltmeter with an internal resistance of 500 kilo-ohm at the 
250-volt range has a sensitivity rating of 

A. 500,000 ohms/volt. 

B. 20,000 ohms/volt. 

C. 5000 ohms/volt. 

D. 2000 ohms/volt. 


In order to measure large currents with a moving coil movement, 
A. the meter must be made more rugged. 

B. an increased number of turns must be put on the moving coil. 
C. shunts must be used. 

D. more dampening is required. 


A meter movement has a full-scale-deflection current of 1 ma anda 
resistance of 500 ohms. This movement must be used in a current 
meter for O to 1 amp. What is the value of the required shunt? 

Aen oO 1eOhms. 

Beale eOc Onms. 

Oe 10s DS OUMS s 
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Ome of the scales on a VOM multimeter is non-linear. This scale is 


used for. 

A. ohms. 

Deas (Ce VOLS. 
Geen Ce VOLES. 

D. ds. c. milliamps. 


The purpose of the zero adjust on an ohmmeter is to 

A. compensate for voltage fluctuations in the battery. 
B. correct variations due to temperature changes. 

C. compare readings with a known precision resistor. 
D. to change the range setting. 


For very accurate resistance measurements we usually use 
A. a shunt type ohmmeter. 

B. a megohmmeter. 

G. a wheatstone bridge circuit. 

D. a precision VOM. 


The value of R_ in the wheatstone bridge circuit below is (the bridge 


is balanced). 
A. 0+37 ohms. i lec Nab 2 ae ap 
Be 0.63 ohms. ‘= abet ag | 
Ge 370-0hms+ )\ galvanometer 
D. 6300 ohms. ae R3= 63 ohms 

Ca R= ? 
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TEST CONSTRUCTION MATRIX RETENTION TEST 
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ELECTRICITY 12 


MULTIPLE CHOICE TEST Total number of questions: 60 


Check this booklet for 10 complete pages 


Mark the letter on the answer sheet that corresponds to what you think 
is the best choice for each question. 


NOTE: You will find that for some questions there may be several partly 
correct choices. You are to select the one choice that you | 
think will best answer the question or complete the statement. 


EXAMPLE : 
1. What is the most important advantage of a typical lead- 


acid storage cell when compared to an ordinary dry cell? 


A. It produces a higher voltage. 

B. It can be recharged: 

C. It can deliver a higher current. 
D. It can store more-ampere-hours. 


Note, that A,C, and D are partly correct, but Bis the most important 
characteristic of a lead-acid cell. 


ANSWER ON THE I.B.M. ANSWER SHEET AS INSTRUCTED - USE H.B. PENCIL 
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The neutrons in the nucleus of an atom give it 
A. a positive charge. 

Be a negative charge. 

C. mass and weight only. 

D. dimension and shape. 


The atoms of a positively charged object have 
A. more electrons than protons. 

B. an equal number of electrons and protons. 
C. fewer electrons than protons. 

D. extra neutrons in the nucleus. 


Of the following the best conductor is 
A. aluminum. 

B. icopper. 

G. ‘golds 

DD. toilver. 


Metals are good conductors because metal atoms 

A. have more electrons than other atoms. 

B. do not hold the electrons in the highest energy band (outermost 
shell) too tightly. 

Ge shavervan sexcessWol ‘electrons. 

D. have more electrons in the highest energy band (outermost shell). 


Which statement about current flow in a conductor is most correct? 

A. The electric push that causes electrons to move is transmitted 
with the speéd of light, but the electrons themselves travel 
much slower. 

B. Electrons are "pumped into the conductor at the negative end 
and travel with the speed of light until they reach the other end. 

C. ectrons travel slower in a thinner wire. 

D. Electrons never leave their atoms, it is the movement (change of 
position) of the electrons within their atoms that constitutes 
current. 

An ammeter measures a current flow of 3 amps. If this current con-... 

tinues to flow for 10 seconds, the electrical charge passing through 

the ammeter in this time span will be 

A. 30 coulombs. 

Be 10 coulombs. 

Ce. 3-33 coulombs. 

Ds 2033" coulomb. 


Twelve 1.5—volt dry cells are available and a voltage of 6 volts is 
required. Which pes the i do you consider the best? 
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Conductance is a term whose meaning is 

A. the equivalent of resistance. 

B. the inverse of resistance. 

C. the equivalent of electromotive force. 
D. the opposite of electromotive force. 


An electric circuit that has a conductance of 0.01 mho, has a resis—- 
tance of 


A. 100 ohms. 
B. 10 ohms. 
Ce. O99 ohm. 
Dee 0.02? om. 


An electrical device has become defective. The defect is an open 
circuit. When the resistance of this device is measured it will be 
As “infinity. 

Be a low ohms value. 

CG. zero. 

D. impossible to determine. 


To keep the current in a circuit constant when the emf is increased 
the resistance must be 

A. kept proprotional to the current. 

B. decreased in the Same proportions as the emf is increased. 

CG. kept inversely proportional to the current.. 

D. increased*in-the same proportion as the emf is increased. 


The resistance required to limit the current to 25 ma in a 30-volt 
CErculLieis 


Ao? Os'/5: onnie 
DAmel = OnM. 
Cyr 750¥ohms. 


Dee 1200%ohms. 


A heater has a resistance of 240 ohms. It is connected to 80 volts. 
The current will be 

Ae 19,200 amps. 

B. 3 amps. 

GC. O.33 amps. 

D. O30 amps. 


A current Of 2.5 x 107 amps is measured in a circuit with a resis— 
tance of 5 x 107? ohms. The voltage applied to this circuit must be 
A. 0.05 volt. 

Be 02125 volt. 

Ce. O.2 volts. 

D. 125 volts. 


0.85 megohm gan also be expressed as 
As) 6e9 orl0 | ohms. 
Ba Sehr x 10? ohms. 
Cy 6.) x 10> ohms. 
D. 8.5 x 107! ohms. 
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A number 16 conductor is 

A. larger than a #14 conductor. 

Be. smaller than a # 14 conductor. 

C. not very much different from a # 14 conductor. 
D. twice as large as a # 14 conductor. 


A lenth of copper wire has a resistance of 10 ohms. A similar 
wire with the same length but of one-half the cross-sectional area 
will have a resistance of 


A. 40 ohms. 
B. 20 ohms. 
re 5 ohms. 


De 205. ohms. 


A copper conductor has a cross—sectional area of 5,200 CM and is 
1000ft. long. What is the resistance of the wire (K for copper: 10.4) 


A. iOepaohme 
Be. i2sohms. 
Ce 352 coms. 
D. 50 ohms. 


A circular conductor with a cross-sectional area of 40,000 CM has 
a diameter of 

A. & inches. 

Dee ances. 

C. 0.63 inchs 

Ue. vOeceitichs 


The resistance of a lampisSmeasured with an ohmmeter and found to be 
60 ohms. Under actual operating conditions this resistance will 


Vikely “Ge 
A. higher. 
B. lower. 
C. zero. 


D. the same. 


In a series circuit the total current is 

A. the sum of the currents in the individual resistors. 
B. the same as the current in any part of the circuit. 
C. equal to zero at the positive end of the circuit. 

D. highest at the negative end of the circuit. 


A circuit of unequal resistances in series is connected to a power 

supply; 

the various currents in the circuit are decided by the values 

of the resistances in which they flow. 

B. the sum of the voltages across each of the resistances is equal 
to the power supply voltage. 

C. the voltage across each individual resistor is equal to the power 


supply voltage. 
D. all resistances have the same voltage across them. 


ios iemnges 
Ao) bye AA *¥ 8 


tosartayos | Al % gO fho% ci cet Lab | ii sn 
' eae us At SY @ oe si ; 


salinio A etude OF Bo aedeheine’ o epi! atthy 49qqeo 
<i aneignsawmewio 5.4! Lind=sno bo judd ygnel é sain 
i: 
svemio OS of + 
emt 
s somata 2.5 af x7 - 


oe 
a.) 


mig Oded 
} brn #0o > Yo oosa Lenoddepe-t4mo © eed TedoubneD aq 
ae a iq 7 6} 4) onty edt Fe Sonddetest ony si dadW « 
: atin. 
; sRawia S2 
wenvio OF 
_ 
AWM OCC,08 Io. omic [hp ignsa-coons » “Joe sedgbaos 16 
7 to ere 
: eo ; 
‘etfont 
. «font §,0 


mi od Bewdl bee sodenawio me of hy bevperemei Guat @ io Soiude feet 4 
' tow ein! ewridiuaos ealkdaceqe laudoew tee) eeato OF 
ad ylak 


; “19 
: 718s 
emake td ‘a 


a 
ei drerurs [pfo2 od Hunts cole s ot oie 
oocdebeot Leuviey Mower ait af wteerr's us ent 36 rue, } 
figeiisn end do ed em os Guerra w 2a Oe 8 
fishy sis Ta Bp avisiang odd 6 9 ot of L 
Jisetis axl (6 bee sv tdeysacend 


ThvOg 2 Of Byrsanos af eepise 


miiev Odd Ww babiosh sis jidiesty 9 da 6 
seals eile: a 

sip e anak sania add L: dome carton 
inn 

‘(Satay et? af ag 1o¢2iean —- 


a efi any ni 1D) 5a ow awd seks 
7 ny 7a’ 


23. 


2h. 


256 


20¢ 


276 


28. 


PAE 


In 


172 


voltage drop in a resistance is equal to 
amps times resistance. 

voltage times resistance. 

voltage times amps. 

voltage divided by resistance. 


a burglar alarm system a buzzer with a 12 ohm resistance is 


connected in series with an 8=ohm resistor. The combined resistance 


on 
of 
Ne 


all connecting wires is 0.75 ohm. ‘What is the total resistance 


there reuLvoer 


20.75 ohms. 
6.55 ‘ohms. 
595 ohms. 
0.75 ohms. 
voltage at the motor in the diagram is 
eee ge eee NT 
eee 0.02 Shms 
Zion i 
124.2 v --E, =125v motor current 
23h WON" = 40 amps 
| 0.02 ohms 
be reer nc rarer mmm manag JAN N/A prenrnnn 
total resistance of a parallel circuit is 


less than the lowest resistance. 
more than the highest resistance. 


GC. the sum of all individual resistances. 

D. the product of the individual resistances divided by 10. 
Three resistors of 40, 60, and 120 ohms are connected in parallel. 
The total resistance of this circuit is 

A. 20 ohms. 

B. 22 ohms. 

Ce. 26 ohms. 

D. 220 ohms. 

Six lamps of 180 ohms each are connected in parallel. The total 
resistance of this connection is 

A. 1080 ohms. 

Be 180 ohms. 

C. 30 ohms. 

De 3-33 ohms. 


If three resistors are connected in parallel what is the relationship 
of the voltage across each resistor with that of the source? 


The voltages are proportional to the resistances. 
The voltages are inversely proportional to the resistances. 


All voltages are the same. 
The voltage across each resistor is proportional to the current 


through that resistor. 
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If one branch of a parallel circuit opens, the main line current 
A. increases. 

B. is unchanged. 

C. decreases. 

D. drops to zero. 


Which statement is correct for the circuit 

below? Ry 

Ae R, and RK. are in parallel; and A 
are in parallel; both paraliel - 


connections are in series. R, 

B. R, and R, are in series and this 
series string is in parallel with ae 
R.; &, is in series with this dd 
cémecttion. 

C. All resistors are in series. VWI 

D. All resistors are in parallel. ai 

bet] | 


What is the total resistance of the series—parallel circuit below? 
A. 5245 ohms. 


B. 60 ohms. 160 ohms | / “ 
C. 115 ohms. a amaeeat $0 ohms} 


NA WNf\v—— 

D. 325 ohms. | pe Ny re 
What is the total current in the circuit below? 7 

8 OAS seared 
Ae 1s Us aim. Paar 

% Spake 10° v= +10 ohms 6 ohms 

er 0.667 amp e at = 
De Ov amp Roig ee 
In the voltage divider circuit below the resistance of the load 
is 400 ohms. The voltage ns aes etn eae 
at the load is | =1 = 
A. 120 v. R)=100 ohms 
Bs “9OLVs a Ree! ere at TEE 
Dey Gomve i Apne ASUS R= 400 


Se eee Se es ohms 


In the voltage divider circuit of the foregoing question, when the 
resistance of the load is decreaSa, the voltage across R, will 


Ae decrease. 

B. increase. 

Ce remain the same. 

D. become graeter than the voltage across the load. 
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17h, 

The equation that correctly calculates resistance from power and emf 
is 

E 
A. R = T 

E 
Be R = Cp 
O's R = PxI 

2 

EB 

De Sit= 7° 


If the resistance is held constant, what happens to the power when the 


current is doubled? 

A. Power is doubled. 

B. Power increases four times. 
C. Power is halved. 

D. Power is divided by four. 


A 20-watt lamp is connected to a 120-volt circuit. The current in 


the lamp is 
Ata et6 i2tampes 
B. 6 amps. 


Ge 0.167% amos. 
D. 0.6 amMmpS e 


An electric heater is connected to 120 volts and draws a current of 
10 amps. The heater is connected for a total of 40 hours. The cost 
of electrical energy is 1$¢ per kilowattnour. What is the cost of 
operating the heater? 


A. $18.00 
Be $4.80 
C. $1.80 
D. $0.72 


What is the power loss in the line wires (R, and R, sr the circuit 
below? f proees ae ee 
A. 1.2 watts. i R,=0.15 ohms 
Be 2-4 watts. — 

G. (9sbiwatts. | a 

D. 9.2awatts. R,=0. 15 shine 


If the resistors in the circuit below are all rated at 25 watt, 
which resistor would overheat? © 


be ie ( Apo a aay! 
Be R, = ~ 
——Pp alOv SR,=20 ohms x) =0 ohms 
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Which of the ststements would best describe’ the condition of the 
circuit below? (Look at the diagram carefully!) 


Ae 
B. 


C. 


The voltmeter will read 3 v. 
The voltmeter will read 1.5 v, 
but the battery life is longer | = pet 
than only one cell. 

The voltmeter will read zero. 

The emf's of the two cells 
cancel each other. 


The voltmeter will read zero. Sem WA fy) grec een ca 
There is a short circuit in 
the battery connection. voltmeter 


dry cell battery is a 
seconaary cell. 
polarized cell. 
Qramary cells. 

voltae cell. 


A high internal resistance is undesirable in a battery because it 


A. 
Be 
C. 


D, 


The 
to 
Ae 
1s 
Ge 
Ue 


is the cause of polarization. 

allows the battery to discharge even when no load is connected. 
contributes to the deterioration of the electrodes and the 
electreLyte. 

reduces the output voltage when a large load current flows. 


direction of lines of force around a bar magnet is considered 


be 


out of the south pole into the north pole. 
out of the north pole into the south pole. 
equally out of either pole into the other. 
from one magnet to another magnet only. 


If the direction of the current through a conductor is known, and 


oy, 
the 
Ae 
Bs 
Ge 
D. 


is considered to be from negative to positive, the direction of 


magnetic field around the conductor may be found by 
the right-hand rule. 

the left-hand rule. 

Fleming's rule. 

Faraday's rule. 


In the current-carrying coil shown in the diagram, the field will 
arrange itself so that 


Ae 


Be 


C. 


lines of force have a counterclockwise 
direction around the coil when the 
coil is viewed from the right. 

Lines of force have a clockwise 
direction around the coil when the 
coil is viewed from the right. 

a magnetic north pole will form 

at the left of the coil. -|- — 
a magnetic north pole will form 

at the right of the coil. 
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Flux in a magnetic circuit can be compare with 


176 


im an 


electric circuit. 


voltage 
current 
resistance 
conductance 


unit for flux density, the gauss, is 

ong line of force per square centimeter. 
10” lines per square meter. 

lo“ lines rer square inch. 

equal to 108 weber. 


weber, a unit of flux used in the mks system, is eqal to 
10- lines of force. 
10? lines of force. 
IO 5K tLnes Of TOEce. 
10° lines of force. 


Hysteresis losses are due to the 


As 


Be 
C. 
D. 


constant reversal of magnetic lines of force in a magnetic ma- 
terial. 

leakage between the windings of an electromagnet. 

use, Of direct curren’ in the primary coil of a transformer. 
none of the above are correct. 


Magnetic saturation of a material is the condition when 


A. 
B. 
C. 
D. 


almost all domains are lined up in the same direction. 

almost all atoms are formed into magnetic domains. 

almost all domains are permanently held in the same direction. 
magnetic domains are so closely packed that there is no unmag- 
netic space between them. 


A moving-coil or D'Arsonvel movement measures the value of 


Ae 
B. 
C. 
D. 


Lt 
and 
the 


a direct current flowing through it. 

an alternating current flowing through it. 
both a.c. and d.c. flowing through it. 
either aece or deCe power connected to it. 


the full-scale deflection current of a meter movement is 1 ma. 


the internal resistance of the movement is 100 ohms, what is 
maximum voltage that can be measured with this meter using a 


voltage multiplier of 99,900 ohms? 


Ae 
Be 
C. 
D. 


1 volt. 

10 volts. 
100 volts. 
1000 volts. 


A voltmeter with the sensitivity of 4000 ohms/volt is switched to the 


250—volt range. 


A. 
B. 
Gre 
D. 


16 ohms. 

100 ohms, 
100,000 ohms. 
1,000,000 ohms. 


What is the input (internal) resistance at this range? 
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A voltmeter with the sensitivity of 1000 ohms/volt is used to measure 
the voltage wwtween A and B in the circuit below. The measured 
voltage is considerably lower than the calculated voltage. This is 
likely due to 


Ae 


Be 


C. 


D. 


using a range setting that stl 

is too low. R,=100 = 

using a range setting that 

is too high. E,=10 v= 4A 

the loading effect of the 

voltmeter on the circuit. R=200 < 

failure to set the zero adjust. me ie: [ 


A moving-coil (D'Arsonval) movement is used as an ammeter. To in- 
crease the range we must 


To 


increase the resistance of the shunt. 
decrease the resistance of the shunt. 
increase the resistance of the multiplier. 
decrease the resistance of the multiplier. 


double the current range of a 5~amp current meter with an internal 


resistance of 0.2 ohm, the shunt resistance must be 


A. 
Be 
C. 
D. 


In 
of 
Ke 
De 


0.2 ohms. 
O.4 ohms. 
2-5 ohms. 
10 ohms. 


order to construct an ohmmeter that can be used for measurements 
very high resistances it would be desirable to use 

a battery with a higher voltage. 

a meter with a very small full-scale-deflection current. 


C. an internal(fixed) resistor of low value. 

D. a combination of A and B. 

In order to balance the wheatstone bridge below, the adjustable 

resistance must be set to 

A. 0.793 ohm. AN ee eee INI N Ne 

B. 1.26 ohms. | R,=10 ohms R,=1000 ohms 

C. 126 ohms. (4) 

D. 874 ohms. A MAR 
Re= R=126 ohms 
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ATTITUDE QUESTIONNAIRE CONSTRUCTION MATRIX 


General Effectiveness 
(as viewed by the student) 


Time to learn 
(as viewed by the student) 
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item numbers 
positive negative 
items items 


Understanding | 14 
(as viewed by the student) 


General Preference 


Tnteresting (less boring) 


Better able to Concentrate 


Basier Learning 


Feeling of Accomplishment 
(Positive reinforcement) 
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QUESTIONNAIRE ON PROGRAMED INSTRUCTIONAL MATERIAL 


ON CAS oe sermgee 


Strongly agree 


oo 
= 
jeeres 
i 


The objective of this questionnaire is to compare 
programed instruction with the typical lecture- 
discussion type classroom presentation. 


strongly disagree 


no opinion 
disagree 


1. I would prefer regular lecture—discussion 
type classroom presentation instead of 
programed material. 


2. I think programed materials would produce 
better learning in some other subjects taught 
in this school if it would be used to partially | 
replace some of the present methods. 


3. I find working through programed material 
more interesting than typical classroom 


presentations. 
eset ERD 


4. I think that for learning basic electrical theo-| 


ry a lecture-discussion presentation would be i 
more effective than programed material. 
| 


Sonid ein iometeoesh oeercetenee 
cans 
| 


5 I often get bored when I work through a 
programed unit. 


6. I think I learn more material in less time by 
working through programed material than I would 
by regular classroom presentation. 


7. I can concentrate better when working through 
programed material than in a regular classroom 
presentation. 


8. I often get discouraged when working through 
this programed material. 


9. Generally I find that when concepts are presen- 
ted in the programed material, they are easier 
to understand than they would be in a typical 
classroom presentation. 


10. I can concentrate better during classroom 
presentations than during work on the 
programed material. 


11. I find working through programed units 
generally difficult. 
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strongly disagree 


I enjoy programed material more than the 
lecture-discussion type presentations. 


When working through programed material, I 
generally get a feeling of accomplishment and 
confidence, because I can see right away when 
I understand the material. 


I feel that I would probably understand the 
material better if it would be presented to 
the class as a whole. 


I find working through the programed material 
easy. 


I feel that I would learn faster if the whole 
class would work through the material at the 
same time in a regular presentation. 


If you wish to make any comments or suggestions about the programed 
material, please feel free to do so. 
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